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ALTHOUGH photography is continually becoming more impor- 
tant in its astronomical applications, the old method of eye obser- 
vation is still regarded as entitled to precedence when large tele- 
scopes are constructed, as we may see in the fact that all the 
very large refractors of modern times have visual object-glasses. 
Such instruments are sometimes adapted to photographic work 
by placing a third lens or photographic corrector over the 
visual objective, the effect of which is to change the chromatic 
aberration in the desired manner, and at the same time to 
greatly shorten the focus. Other, and no doubt better methods 
have so far been applied only to comparatively small instru- 
ments. 

Thus the spectroscopist who has a very large telescope at his 
disposal is compelled to work with a visual objective, and in 
attempting to photograph the spectra of stars, or other objects 


‘Communicated, in a considerably modified form, to the Astronomical and 
Physical Society of Toronto. 
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having a small angular magnitude, he encounters many difficul- 
ties. When a slit spectroscope is used in connection with a 
refracting telescope, it is evident that the spectrum of a star 
will be linear only at that point for which the focus of the 
refractor is a minimum. The spectrum will not even then be 
strictly linear unless the lenses of the spectroscope are also achro- 
matized for the same rays, although any departure from this lat- 
ter condition will produce a relatively small effect. With a vis- 
ual objective the spectrum is, therefore, linear at the brightest 
part; but the greatest photographic action is found near the 
hydrogen line //y, which is the line most used for photographic 
determinations of motion in the line of sight, and here the focus 
of the objective varies rapidly with the wave-length. In the 
case of the Lick telescope, for example, if the slit is in the focal 
plane for the Hy rays, it is 36"".8 outside the focus for HB 
and 33”".3 inside the focus for 78. The cone of rays corre- 
sponding to the former line has a diameter of 1"".9, where it 
is intersected by the slit-plate, and that corresponding to the 
Hf line has a diameter of 1"".7. As the slit is only about one- 
fiftieth of a millimeter wide, very few of these rays can enter. 
The spectrum, instead of being linear, and of nearly uniform 
intensity between HB and H3, is very narrow at Hy, widens 
rapidly on both sides of that line, and falls off very rapidly in 
intensity. Hence only an extremely short range of the spectrum 
can receive the proper exposure ; and not only is the extent of the 
photograph greatly reduced in this way by the chromatic aber- 
ration, but reliable estimates of the relative intensities of lines 
are made almost impossible. These difficulties are perhaps only 
fully realized by one who has actually attempted to make the 
photographs. 

Another difficulty of considerable practical importance arises 
from the fact that the eye must be used in guiding the telescope 
during an exposure, and that the //y star-image, which must be 
kept within the slit, is but little brighter than the non-actinic 
expanded star-disks which surround it. This difficulty can be 
partly remedied by the use of blue glass, but even then it is 
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impossible to be certain that the image is properly centered, or 
even within the slit. 

It is, therefore, highly desirable to find some way of chang- 
ing the chromatic aberration of a visual telescope so as to unite 
the photographically active rays. We have seen that this end 
can be attained by the use of a specially corrected third lens, 
but the photographic corrector, besides being expensive, short- 
ens the focus so greatly that the spectroscope cannot be placed 
in the proper position. In the case of the Lick telescope the 
focus is inside the tube, about nine feet above the eye-end, where 
it is inaccessible for spectroscopic purposes. 

What is required, therefore, is a small lens, which, placed in 
the cone of rays from the large objective not very far above the 
eye-end, will effect the desired change in the chromatic aberration 
without greatly shortening the focus. Such a lens, it may be 
observed, would be quite useless for ordinary celestial photog- 
raphy, as the distortion at a short distance from the axis would 
be very great. For stellar spectroscopy, however, a field less than 
one millimeter in diameter is quite sufficient, and the question of 
distortion need not be considered. 

The problem, when it includes the object-glass, is a com- 
plicated one; but starting with the color curve, which can easily be 
determined experimentally by means of the spectroscope, the 
approximate solution is very simple. Some form of correcting 
lens is, I believe, actually in use, but I have not been able to 
find anything in print on the subject, probably because it is only 
quite recently that the necessity for a device of this kind has 
arisen, and the following elementary consideration of the ques- 
tion may be of some interest.'. It would hardly be worth while, 


' After the type of the present article had been set up, my attention was called to 
a brief account of a single correcting lens by Mr. Newall (“ Notes on some Photo- 
graphs taken with a Visual Telescope,” JZ. W., 54, 373). The lens is placed five feet 
above the focus of the Cambridge 25-inch equatorial, and reduces the separation of the 
HB and //e foci from 1.5 inches to about two-tenths of an inch. The focal length of 
the combination is shorter by about 18 inches than that of the object-glass alone. This 
shortening of the focus, although regarded by Mr. Newall as an advantage, seems to 
me to be practically very objectionable in the general case of a large refracting tele- 
scope, for reasons which I have given farther on. 
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for purposes of illustration, to make an accurate computation of 
the correcting lens, and I have employed the approximate for- 
mulz for lenses, in which the thickness and the spherical aberra- 
tion are neglected. I have also chosen for illustration the case 
of the Lick telescope, because its color curve is known ( Plate VII, 
Fig. 1)... The other data required are the refractive indices of 
crown and flint glass, and these I have taken (to four decimal 
places) from the tables of Hopkinson. The “dense flint” of the 
tables is nearly the same as the glass of a prism in my possession, 
which is slightly colored; a lighter flint would probably be better, 
as the curvatures required are very moderate. The following table 
contains all the necessary data. In the column headed “color 
curve” are given the distances in meters of the different foci of 
the great telescope from a point on the axis one meter above the 
focus for the HB line. 


REFRACTIVE INDICES Cotor Curve 
Line oF SPECTRUM 


Hard Crown Dense Flint Distance of Focus 


from Lens 
m 

B 1.5136 1.6157 1.0000 
Ha 1.5146 1.6175 0.9939 
D, 1.5171 1.6224 0.9886 
E 1.5203 1.6289 0.9905 
b, 1.5210 | 302 0.9914 
HB 1.5231 1.6347 1.0000 
Hy 1.5280 1.6453 1.0368 
1.5309 1.6518 1.0701 


The lens may be placed in the cone of rays at any convenient 
point. We shall suppose that it is placed one meter above the 
focus for the HB line, in which case its aperture must be (at 
least) 53™™. 

In order to make the spectrum of a star-image linear at Hy 


it will be sufficient (at least for our present purpose) to unite, 


the rays HB and H.’ 

‘ Platted from the table on p. 162, Vol. IL., Pudlications of the Astronomical Society 
of the Pacific. See also Publications of the Lick Observatory, 3, 174. 

? Actually, the lower ray should be a little above AB. 
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Color Curve of Visual Objective 
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Color Curve with Single Correcting Lens 
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Color Curve with Compound Correcting Lens 
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It will be interesting to first consider the case of a single 
lens. Since the /8 must be more deviated than the H£ rays in 
order that both may meet at the same point on the axis, the lens 
must be convex; further, since it is desirable to produce this 
dispersive effect with the least amount of refraction, the lens 
should preferably be of flint glass. 

Let « be the distance from the lens at which the rays are 
united, v and v’ the distances from the lens of the original foci 
for HB and /% respectively, as given in the table. If the point 
whose distance is w is regarded as a source of light, the Hf and 
H8 rays, after refraction by the lens, would appear to diverge 
from points whose distances are respectively v and v’. Hence 2 
wand v are conjugate foci for the HB rays, and uw and wv’ are a 
conjugate foci for the rays. 

The general equation connecting the conjugate foci of a thin 4 
lens, its refractive index, and the radii of its surfaces, is 


in which all lines measured from the lens toward the source of 
light (at w, in this case toward the focus of the objective) are 
positive." As the shape of the lens, or relation between the 
radii of its surfaces, is not taken into account in these approx: 
imate formula, we may for simplicity consider the surface turned 
toward the eye-end to be flat, and this form is easily seen on 


general principles to be very nearly the best with regard to 


spherical aberration. Placing r=, the formula becomes a 
v 


If the symbols in this formula are regarded as referring to 
the HB line, we may write for the 7 line 


I I 
; 
“ 
and since # is the same in both cases, & 
, 


* According to this convention, the focal length of a convex lens is negative. 
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From the table of data we have: p=1.6347, »’ =1.6518, v= 
1.0000, v’ = 1.0701, and substituting these values we find for the 
radius of the lens, s= +0.2611 meters. 

For the focal length of the lens (for the 7B line) we find 
from the formula $ 

f=— 
f=—0.4113 meters. The focal length for the 8 line is —0.4005 
meters. The distance uw of the point at which the rays are 
united is given by I I 


and is found to be 0.2915 meters. 

To obtain the form of the color curve, as modified by the 
correcting lens, we substitute successively for v the values in 
the last column of the table of data, and compute the correspond- 
ing values of z, using for each ray its appropriate index. The 
values of « so obtained are the ordinates of points on the modi- 
fied color curve. The results are given in the following table : 


LINE v u 
m m 
B 1.6157 1.0000 0.2978 
Ha 1.6175 0.9939 0.2966 
dD, 1.6224 0.9886 0.2945 
E 1.6289 0.9905 0.2925 
6, 1.6302 0.9914 0.2922 
HB 1.6347 1.0000 | 0.2915 
Hy 1.6453 1.0368 | 0.2910 
H6 1.6518 1.0701 0.2915 


The resulting color curve is shown in Fig. 2, which is drawn 
on the same scale as Fig. 1. It shows a very great advantage 
over the latter, not only in the part of the spectrum considered 


in its determination, but in the lower spectrum as well. Never- 
theless the single lens is impracticable, for the following rea- 
sons: in the first place, the focus of the telescope is shortened 
about 0.7 meter, which with the ordinary construction of the 
eye-end of a telescope would make the focal plane inaccessible ; 
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in the second place, the convergence of the cone of rays is 
increased from 1:19 to 1:5.53, which would necessarily also be 
the angular aperture of the collimator. With a given effective 
aperture the collimator would therefore have to be very short, a 
construction which is very disadvantageous in every respect. 
It would, moreover, be difficult or impossible to make a suffi- 
ciently good collimator lens with such a very large angular aper- 
ture. 

A single correcting lens placed two meters above the focal 
plane of the great objective would have an aperture of 105™".3; 
its focal length would be 1™".591, and it would shorten the focal 
length of the telescope by 1™.114. The ratio of aperture to 
length of the transmitted cone of rays would be 1:8.42. A lens 
of the same kind placed close to the telescope objective becomes 
the ordinary photographic corrector. The greatest shortening 
of the focus is then produced, and at the same time the angle of 
the convergent cone of rays is the least possible. 

The condition that the focus of the telescope must not be 
greatly altered by the correcting lens is practically a very 
important one. With the double lens which will next be con- 
sidered it would optically be an advantage to shorten the 
focus until the convergence of the transmitted cone was 
about 1:15, as a considerable improvement in the modified color 
curve would result. This is, however, forbidden by practical 
difficulties of construction. To make the whole spectroscope 
movable through any considerable distance along the axis of 
the telescope, in order to follow the change of focus, would not 
be an easy matter in the case of a large instrument; it could 
hardly be done without some sacrifice of stability, it would 
increase the cost of construction, and in any case it would be 
extremely inconvenient. On the other hand, to increase the 
range of the collimator-slide (already several inches) would 
sensibly diminish the stability of the collimator, on which the 
value of the spectroscope as an instrument of precision prima- 
rily depends. It is therefore a matter of practical importance to 
keep the focus of the telescope very nearly in the same place. 


} 
> 
| 


108 JAMES E. KEELER 


The color curve can be transformed in the required manner 
without changing the position of the focus, by means of a 
double lens. If we increase the curvature of the convex flint 
lens hitherto considered, and neutralize the excess of dispersive 
effect by a concave lens of crown glass, the superior refractive 
power of the latter will give the combination a greater focal 
length than that of the equally dispersive single lens, and it 
will therefore not converge the rays from the objective so 
strongly. By suitably combining the lenses we can leave the 
position of the focus for any given ray unchanged. 

In determining the focal lengths of the component lenses we 
shall as before assume that the lens is placed one meter above 
the focal plane for the HB line,and use only approximate for- 
mule. 

For thin lenses in contact, the relation between the conju- 
gate foci and the focal lengths of the lenses is expressed by the 
equation 

In this, and in the following formule, quantities relating to 
the crown lens will be indicated by the subscript 1, those relating 
to the flint lens by the subscript 2. 


Since I I I 
if w, changes to w,+ Ap,, the corresponding change produced 
in —is Ap, 1 
Ai—)}—A —) — 
and in the same way the alteration of 5 due to an alteration 
Ap, of p, is A 


u is the distance of the point at which the //7B rays and the 
Hf rays are united by the lens, and hence is the same for both. 
The total effect of the change in the refractive indices is there- 
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If the symbols in this formula relate to the HB line, the 
change of v, to satisfy the conditions for the proposed lens, must 
be equal to the difference between the ordinates at H8 and H@ in 
the color curve of the objective. 

From the table of data we take 

, = 1.5231, Ap, = .0078, v = 1.0000 for the AB line. 
ft, = 1.6347, Mu, = .0171, v = 1.0701 for the #8 line. 


Also = —o.96551, and substituting these values the condi- 


If we wish to determine the lens so that the position of the 
focus for the 7B line shall remain unchanged, then for these rays 
the lens must act like a thin glass plate, and we have the further 
condition 


and combining this with the preceding one, 


-O14Q9I1 .026942 _ 


7 =— .06551, 
from which I, = + 0.18365 meters 
i, = — 0.18365 “ 


If we make the flint lens double convex with equal radii, and 
the inner surface of the crown lens to fit the flint, the radius of 
each of these surfaces will be 0.233 meters, and the radius of the 
back concave surface of the crown lens 0.163 meters. Sucha 
lens would be perfectly easy to make. The surfaces in contact 
could be cemented to diminish loss of light by reflection, and a 
lighter flint could be used than that chosen for illustration. With 
the flint lens turned toward the objective, the lens would, more- 
over, have very little spherical aberration, although determined 
by these approximate formule. 

In order to find the form of the color curve when this lens is 
placed in position, we first require the focal lengths of each lens 
of the combination for different rays of the spectrum,— or rather 
the reciprocals of the focal lengths, which are most conveniently 
obtained by means of the relation 
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where »’, f’, are respectively the refractive index and focal 
length for the 7B line, and yp, f, the corresponding values for any 
other line. For any one line of the spectrum we then substitute 
the values so found, together with the value of wv for the same 
line, as given in the table of data, in the equation 


I I I I 


and find w, which is the distance at which the same rays are 
united after passing through the lens. The following table con- 


tains the results: 


B 1.0000 | 1.0000 | 5.3464 | —5§.2821 0.9357 1.0687 
Ha 0.9939 | 1.0061 | 5.3567 | —5.2976 0.9470 1.0560 
D, 0.9886 | 1.0115 5.3827 | —5.3396 0.9684 1.0326 
E 0.9905 | 1.0096 | 5.4160 | —5.3954 0.9890 1.0111 
b, 0.9914 1.0087 | 5.4234 | —5.4065 0.9918 | 1.0083 
HB 1.0000 | 1.0000 | 5.4452 —5.4452 1.0000 | 1.0000 
fly | 1.0368 0.9645 | 5.4962 —5.5361 1.0044 0.9956 
1.0701 | | §-5264 —5.5919 1.0000 | 1.0000 


From the last column of this table, the color curve shown in 
Fig. 3 has been platted. It is obviously much better adapted to 
photographic work than the original curve. With the spectro- 
scope slit in the focal plane of the Hy rays, the /B and A rays 
would be only 4™".4 out of focus. The spectrum would be 
practically linear for a considerable distance on each side of Ay. 

In practice, the lens could be mounted in a cell provided 
with suitable adjusting screws, on a swinging arm within the 
telescope tube, so that it could be pushed into place by a rod 
projecting through the tube, and held centraliy by adjustable 
stops. When the telescope was required for ordinary visual 
observation the lens could be withdrawn from the cone of rays. 
In the future a lens of this kind will, no doubt, be regarded as a 
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necessary adjunct to every large refractor. Of course it would 
be easy to make a series of such lenses (three would probably 
be sufficient) by which the spectrum could be made linear at a 
number of different important points. 

The only difficulty connected with the method is that the 
correcting lenses could not be made until after the color curve 
of the objective had been determined; 7. ¢., until after the erec- 
tion and adjustment of the telescope. This is, however, not a 
very serious matter. 
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SCHMIDT’S THEORY OF THE SUN. 


my 


CONSIDERING the rapid progress which has been made in the 
observational or practical side of solar physics, it must be con- 
fessed that the theoretical side has been very imperfectly devel- 
oped. Almost every student of solar physics has his own 
theory, and usually he himself is the only one that believes in it. 
Under such circumstances we ought to welcome a theory which 
has indeed some difficulties to overcome, but which is neverthe- 
less founded on physical laws that are accurately known, and 
which is capable of an exact mathematical treatment. Never- 
theless, the theory of Schmidt, the fundamental principles of 
which are explained in a small pamphlet, ‘ Die Strahlenbrechung 
auf der Sonne; ein geometrisches Beitrag zur Sonnenphysik,” 
von August Schmidt, Stuttgart, 1891, has, even here in Ger- 
many, not met with full appreciation. In spite of its impor- 
tance, I know of no English article upon the subject, and I will, 
therefore, present the most important points in this paper. The 
theory, it is to be noted, dees not undertake to explain every- 
thing which takes place upon the Sun. Certain fundamental 
facts are explained by it, and all others are left to be explained 
by auxiliary theories, which will be of the character of the solar 
theories already current. 

The theory is based upon the ordinary laws of refraction. If 
we regard a ray of light which is horizontal at a certain point 
of the Earth’s surface, we shall find by the formule for atmos- 
pheric refraction that its curvature is about one-seventh of the 
curvature of the Earth’s surface. Now let us suppose that we 
have a body whose radius is seven times that of the Earth, while 
the composition of its atmosphere, as well as the conditions of 
temperature and pressure at its surface, are the same as at the 
Earth’s surface. The ray then has the same curvature as the 


Student of Astronomy, University of Berlin. 
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surface of the body. It will therefore describe a circle, and make 
the entire circuit of the body. If the body is still larger, or if 
the density of the atmosphere (or more properly its refractive 
power) is greater, a ray which is horizontal at a given point of 
the body’s surface will be unable to pursue its course out into 
space, but it will return to the surface. The ray will require a 
certain angle of elevation in order-to leave the body. Ata 
certain height above the surface the path of a ray will be circu- 
lar, and above that the refraction will be the same as in our 
terrestrial atmosphere. 

The investigation of this general case of refraction was first 
made by Kummer,’ and his most important results are given 
below. The velocity of light at any point of its path is ov: anal 
According to the undulatory theory, the time which the light 
requires to pass between two points A and B is a minimum. 
That is, 


must be a minimum. Therefore 


if 


The velocity v is inversely sail to the index of refrac- 
tion » of the medium. Hence 


4 “A 


Performing the variation, which offers no difficulty, we have 


> dy. dz ax 

— Sx + = by Lox 


\ 
as" as as)! és las 


\ds 
A and # are fixed points, for which 4x, dy, 8s are, therefore, equal 
too. This condition is fulfilled only if 


* Sitsungsberichte der Berliner Akademie, 12 Juli, 1860. “ Ueber atmospharische 
Strahlenbrechung.” 
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a ax d ad Vv ap ad az 
as\" a) dx a" as) dy ds" as dz (1) 
These are the differential equations of the ray. Only two of r 


these equations are independent. The third can be derived 
from the other two, as may be easily shown. Hence two of 
them suffice to determine the path of the ray. 

We now proceed to specialize the equations (1) for the case 
which is alone of importance to us, vzz., an atmosphere, surround- 
ing a spherical body, whose index of refraction decreases with the 
altitude above the surface but is the same at all places of equal 
height. Inthis case » is dependent only upon + 2. 
The path of the light is obviously a plane curve. Hence we may 
choose its plane as the plane of xy, or put zo. We have, 
therefore, the equations 

ad, ax dp ad, ay 
to determine the ray. Since »=/(r), and x and y occur only 
in the combination 7, we have: 
ad, ax dp dp x a dy dp dp v 
ds" as dx arr ds! dy adr 


We easily find after a simple transformation, 


ax ay \ ax d 
-orati ay 1. 
as ds 


Now we have z= cos6, 7 sin@, if @ is the angle between the 
as as 


tangent to the curve at the point x, y and the positive axis of x. 
(Fig. 1) In polar coérdinates we have 

x =F COS y=rsin ¢, 
hence according to (2), and putting 6 — @ = 180°—a, 

prsin (6 — o) —prsina —C. (3) 
This well-known relation, which can be very simply derived in 
another elementary manner, is very important for our purpose. 
Schmidt bases his entire theory upon it. 
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We can integrate (2) by introducing polar coérdinates, r 
and @. (2) becomes 
Cy dr’ + 
Cdr 


According to (3), if the ray starts from the surface of the body 
whose radius is R, and where » = and a = 90° — 4, we have 
cost—C. 

If we put »=— +4, where / is the height above the surface, and 


if the ray starts from the point 40, $= 0, we have finally 
h 


wR cost dh 
$= (4) 
p(R + hy — 


Fic. I 

This is the integral given by Kummer. The above rather more 
detailed investigation is taken from the still more explicit Hadzil- 
tationsschrift by Dr. O. Knopf,’ to which we shall frequently refer. 

We here distinguish three cases. 

1. For all values of and 2, cost. has 
its maximum value for ¢=o0. Hence our condition is 

h) > p,R. 

In this case there is a real, finite value of ¢ corresponding to 
every real and finite value of 4. In other words, in this case a 
ray which is horizontal at the surface of the body passes out 
into space. Its curvature is less than that of the surface of the 
body. This is the ordinary case of refraction in the terrestrial 
atmosphere. We shall call bodies of this kind, bodies of the 
first class. (Fig. 2) 


* Die Schmidt sche Sonnentheorie und thre Anwendung auf die Methode der spektro- 


shopischen Bestimmung der Rotationsdauer der Sonne. Jena, 1893. 


' 

ity 

« 

= 

= 


116 E. J. WILCZYNSKI 


2. It can happen that, for a certain value of 4, 
+h) = R cosz. 

According to (3) this means that a ray making the angle 7 with 
the horizontal line at the surface, after refraction reaches the 
height / and is there horizontal. But in this case we have ¢ =~, 
as may be proven by applying the following theorem of the 
integral calculus: 

If Ax) becomes infinite for «—X, and we can find a value 
a between 2, and X such that (w— X)"fix) or (X— x)" f(x), for 
n> 1, is greater than a certain number A for all values of x 
between a and_X, then the integral fAeax becomes infinite. 


vy 


Fic. 2 


Hence a ray tangential to the sphere at this elevation makes 
an infinite number of revolutions around the circle whose radius 
is R+h. We have here found the analytical condition of circu- 
lar refraction. 

3. For certain values of 4 and 7 we may have 

+ A)<— p, R cos 
For these values of # and 7 the ray cannot exist, since @ becomes 
imaginary. We are especially interested in the ray which leaves 
the surface horizontally, z.¢., for which ¢~~ 0. Our condition is 
then p(R + A4)<p, 

Let us now examine the remarkable dppearances which 
would present themselves to an observer on a body whose 
atmosphere fulfils the second and third conditions. (Fig. 3) 
We call such a body a body of the second class, while those 
bodies whose atmospheres fulfil the first condition only will be 
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called bodies of the first class. It may be said, by the way, that 
Jupiter is probably a body of the second class. 

If an observer on such a body directs his eye horizontally, 
he will not, as on a body of the first class, see the horizon. 
Moreover, a ray which reaches his eye horizontally will have 
come from another point of the body’s surface, which it left at 
a certain angle of elevation. The same holds true if he grad- 
ually directs his eye upward until he reaches a certain angle of 


elevation 7, given by cos/= At this elevation the 


FIG. 3 
first ray coming from outside of the body can reach his eye, and 
this is his horizon, which has, as we see, the elevation 7. The 
observer will therefore have the impression of standing ina 
hollow shell. As he raises his eye from =o to z he will succes- 
sively see more and more distant points of the surface; at 
length he will see his antipodes, and, raising his eyes still more, 
his own back. Still raising his eyes, he will again see all the 
points he saw before, and so on for an infinite number of times. 
Of course all of these images will be distorted and partly over- 
lapping. If the observer looks at the zenith and lets his eye 
sink he will gradually see the entire sky, from the zenith to nadir, 
and again from nadir to zenith, etc., where of course the images 
are again distorted. That the observer sees an infinite number 
of images of the same object in this manner can be analytically 


shown. We note that outside of the sphere of circular refrac- 
tion the refraction is of the ordinary kind. An observer placed 
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there would see none of the above phenomena. The rays 
which, coming from space, become nearly tangential to the 
sphere, on piercing it at B reach the surface under an angle 
which differs only slightly from 7, at a point A. Let us change 


the direction of the eye at A by d. If we find the value of . 
al 


for the value of # corresponding to the sphere of circular refrac- 
tion, we shall know the change in the position of 4 correspond- 
ing to the change of ad inz. This is equivalent to knowing the 


FIG. 4 


change in the direction of the point observed corresponding to a 


minute elevation of the line of sight. We find: 


A 
h (5) 
*(R -+-h)dh 
= —p,R sinz 


[p(k — p2R? cos’? |? 


For the sphere of circular refraction we have: 
p(R +A) = p, R cost. 
db 
By applying our criterion, we find that for this value i becomes 
al 
infinite, 7. ¢., to a small change in z corresponds a very large 
change in ¢ (Fig. 4), in fact an infinite change in ¢. We there- 
fore see an infinite number of nearly coincident images of the 
same object. By seeing is meant, that the theoretical course of 
the rays is such as to enter the eye. Asa matter of fact, the 
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absorption will probably prevent even all of the first images from 
being seen. 

We have now reached the most important part of our paper, 
which treats of the appearance that such a body of the second 
class presents to an outside observer, whose distance from the 
body’s center is e. The observer is supposed to be outside of 
the atmosphere. Then we have, for the observer, r =e, ~»=1, 
ay, if y is the apparent angular distance from the body’s cen- 
ter of that point from which the ray issues. Then we have: 

sina = esin y. 
Let y, be the real angular distance, as seen without an atmos- 
phere, corresponding to the apparent y; then we have very 
nearly R=esin y, 
if we consider only the case that y and y, are small angles, or 
that ¢ is very large. Under the same supposition, we have for 
the magnification of the angular distance of these two points, 


sin : 
sina, 
sin y, 
In bodies of the first class a can assume the value <4 In bodies 


of the second class a will always be less than a certain angle B 

less than —. All rays making an angle greater than 8 with the 


normal at the body’s surface, will not find their way into the 
observer’s eye. Hence the magnification of & in this case is 
Bp. 

Let us now follow the ray which, rising from the surface 
under the angle of elevation 7, reaches the sphere of circular 
refraction 7, horizontally. This ray will describe the circle whose 
radius is ”, an infinite number of times, and as has been shown, 
cuts it at last to pursue its path out into space. The ray which 
differs from this only slightly will seem to the observer to come 
from a point whose distance from the center differs slightly from 
»,r,. In other words, while the real diameter of the body is R, 


it will seem to be yp,»,,. 
We will now consider the case in which the radius of the 


: 
=. 
| 
| 
te 
| 
| 
3 


120 E. J. WILCZYNSKI 


solid body R =o, @. e., the case of a gaseous body made up of 
spherical shells whose index of refraction decreases as the dis- 
tance from the center increases. We will moreover assume the 
gases to be in a state of incandescence, and will investigate the 
appearance which such a body will present to an outside 
observer. 

In a large body the pressure, and hence the density, of the 
gases in the center will be very great. If the temperature is 
above the critical temperature of the gases, these will not be 
condensed. Nevertheless the density will be so great that the 
gases will emit white light. Let the critical sphere of circular 
refraction have the radius 7,, then we have 

prsina 
for a ray which leaves this sphere tangentially. This ray is, 
however, also tangential to a smaller sphere ~, for which 

Poo 

This ray after leaving the sphere 7, tangentially, cuts the suc- 
cessive spheres y under the angle z, given by 


cons = sin = 


It then becomes tangent to the sphere r,, and after making an 
infinite number of revolutions around the circle whose radius is 
r,, leaves this sphere and proceeds on its path. This ray can, of 
course, only reach the observer after an infinite time, and after 
experiencing an infinite amount of absorption, z. ¢., not at all. 
But those rays which rise from », under a very small angle of 
elevation will have a finite path, and will reach the eye almost in 
the direction of a ray issuing tangentially from 7, Moreover, 
no rays tangent to the spheres r between 7, and r, can pass into 
the observer's eye ; for if there were such a ray we should have 
forr,.<r<r, hence@= That 
is, between 7, and rv, only the bounding spheres r, and r, can send 
tangential rays into the observer’s eye. (Fig. 5) It follows 
from this that in the image of the body seen by the observer, 
the space between 7, and r, is not represented by a correspond- 
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ing ring. Moreover the spheres 7, and r, will seem to coincide, 
since the ray tangent to 7, is also tangent to 7, If7, = ® were 
the radius of the solid body which the atmosphere surrounds, it 
would appear to the observer as if the body had the radius +. 
The height of the body’s atmosphere would be shortened by the 
quantity r,—r.. If, however, as we here suppose, the inner 
spheres consist of incandescent gases above their critical tem- 
perature and emitting white light, while the outer spheres consist 
of incandescent gases with a gaseous spectrum, whose light, 
owing to the smaller pressure, is less intense than that of the 
inner spheres, the observer will notice a sudden change in the 


Fic. 


intensity of the light. For the image of the sphere 7% is imme- 
diately bounded on the outer side by the image of the sphere +,, 
whose light is much less intense. The difference of intensity 
will obviously depend upon the distance 7,—r.. 

If we consider the Sun to be an incandescent gaseous ‘sphere 
of the second class we here evidently have an easy and perfectly 
natural explanation of the sharp apparent boundary of the Sun 
called the photosphere. The theory which considers the Sun in 
the main as liquid, has been abandoned by most astronomers. 
According to it the photosphere found a comparatively reason- 
able explanation, as the surface of the liquid upon which the 
atmosphere rests. The theory which has been most generally 
accepted regards the Sun as in general gaseous, and the photo- 
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sphere as a layer of clouds containing small particles of con- 
densed liquid substances. Now the lack of any dispersion on 
the Sun’s limb, which is also explained by our theory, shows 
that the atmosphere of the Sun directly above these hypothetical 
clouds is extremely tenuous. It is true that our terrestrial clouds 
are also supported, perhaps by air currents, at altitudes which 
they could not reach according to the law of specific gravity 
alone. But these solar clouds are very much _ heavier than the 
terrestrial, and the gases in which they float are very much less 
dense than the terrestrial atmosphere at the altitude of our clouds. 
The extreme uniformity of their height also renders this theory 
improbable. Moreover, I think that we are justified in consider- 
ing that the temperature of even the outer parts of the Sun is 
above the critical temperature of the metallic vapors. 

If therefore we accept the very plausible theory that the 
Sun is nothing but a huge incandescent gaseous ball, we arrive 
at the result that to our eye this body would present the same 
appearance which the Sun actually presents; vzz., a sudden 
change of brightness at a certain distance from the center; that 
is, we explain the distance of the photosphere. 

This is the essential part of the theory. Obviously the 
explanations of Sun-spots, etc., hitherto accepted, are not at all 
affected by it. On the contrary the possibility of explaining 
them is increased, inasmuch as we can suppose their real situa- 
tion to be at any point of the gaseous ball, and we are not 
restricted to the surface. It must here be noted that any attempt 
to explain the prominences as simply an effect of irregular refrac- 
tion, as Schmidt does, is altogether unauthorized by our present 
physical theories. Such irregular refraction cannot alter the 
wave-length of the light. As long as we have no evidence that 
the change in the wave-length of a certain line, as shown by the 
spectroscope, may be produced by other causes than motion in 
the line of sight, we have no right to try to explain away veloci- 
ties which we think are too great to be credible. The spec- 
troscope says that these velocities are actually present, and 


no theory, however ingenious, can ignore this fact. For the 


“¢ | 
ling 
, 
} 
A 
} 


SCHMIDT'S THEORY OF THE SUN 123 


same reason, such theories as that of Brester are at present 
unjustified. 

It has been established by spectroheliograms taken by Pro- 
fessor Hale, and by corresponding visual observations, that the 
prominences as shown in the C line, and in the K line of calcium, 
are very similar. It has sometimes even been found that the 
calcium image was higher than the hydrogen. But it seems 
very difficult to suppose that in the Sun calcium vapor should 
be found in the same or in a higher layer than hydrogen. From 
our standpoint we might suppose that the actual origin of the 
prominence is in the calcium layer below the hydrogen, and 
that this eruption, if we so call it, disturbs the overlying layers 
of hydrogen, and causes them to assume a form similar to that 
of the calcium prominence. Now, according to our theory, 
this second prominence could be placed in the path of the 
rays passing from the first into the observer’s eye. The two 
would then appear superposed. The objection might be raised 
that according to the law of diffusion of gases we should not 
expect the gases to be, as it were, sorted into layers, according 
to their density. Still, observation seems to speak for this 
arrangement, at least in a general way. In the prominences we 
have hydrogen and helium; still higher we have coronium. 
Occasionally the prominences contain sodium, magnesium, etc. 
All this seems to point to a stratified condition of the solar 
atmosphere. It might, however, be reasonably expected that 
not only calcium, but the metals sodium, magnesium, etc., with 
an atomic weight smaller than that of calcium, would be regu- 
larly present in the prominences, if this explanation is correct. 
There is certainly some evidence for this, and it is perhaps worth 


while to make special investigations as to the presence of these: 


metals in the prominences. Possibly their lines sometimes 
escape notice through insufficient brightness. 

At any rate it is interesting to note how, in this way, many 
observed facts are explained. 

It has been remarked by Seeliger that the ray could never 


reach the observer’s eye after having followed such a long path, 
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owing to the absorption. But it must be noted that when a white 
ray passes through the several incandescent gaseous strata, these 
cause only selective absorption, and leave unweakened those parts 
of the spectrum whose wave-length is different from that of the 
light which the gases emit. We have here also a natural explana- 
tion of the origin of the Fraunhofer lines, which does away with 
the strained and factitious theory of a thin reversing layer cover- 
ing the photosphere. It is certainly very unreasonable to assume 
that all of the substances whose presence is indicated by the 
Fraunhofer lines should be collected in such an extremely thin 
layer. 

The small mean density of the Sun is explained by our theory. 
The atmosphere of the Sun is exceedingly tenuous above the 
apparent limb, and the great difference in the intensity which is 
found there seems to indicate that the origin of the white light, 
the real photosphere, is at a considerable distance below. This 
central part must have a great density. We can easily explain 
the absence of dispersion at the Sun's limb by the small density 
of the atmosphere above the sphere of circular refraction. We 
there have, if 7, is the radius of this sphere, »,= »,', if w, and p,’ 
are the indices of refraction for red and violet rays respectively. 
Hence p,7, 7,’ since p,=p,’ andr,=r,’. We have, more- 
the sphere whose radius is r, the density will be considerable, 
and we shall have Therefore ¢. e., the violet rays 
which are tangent to the sphere +, come from a lower sphere 
than the red rays. The two together give white light again. 
However, on analyzing this more closely it will be found that 
the violet light, having pursued a longer path, will be fainter 
than the red, even if we suppose the solar atmosphere to act 
upon red and violet light in the same way. Between ,, and +,, 
and 7,’ and vr,’ =7, the effect of dispersion will be to unite the 
violet rays from a lower sphere with the red from a higher; 
hence there will be no dispersion on the limb. But the intensity 
of the violet rays will, upon analysis, be found to decrease more 
rapidly than that of the red as we pass from the center to the 
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limb, and this is in accordance with observation. However, this 
latter fact is explained in an equally satisfactory manner by the 
old theory. 

An application of Schmidt’s theory to the spectroscopic 
method of determining the period of rotation of the Sun, is given 
by Dr. Knopf. As we have noted, the place where absorption 
causes a certain line in the spectrum is not at the apparent sur- 
face, but deeper within the Sun. This place of absorption may 
be represented by A. If we suppose the ray to be emitted from 
A, where the radius is 7, under the angle a, and to leave the 
sphere r, tangentially at 4, it may be proven that all rays leav- 
ing the sphere y, under an angle which differs very slightly from a, 
will leave the sphere +, at B very nearly tangentially. Now the 
slit of the spectroscope has a certain width. It will hence 
receive all rays issuing from 4, a point on the limb, which make 
an angle smaller than a certain maximum value with the hori- 
zontal line at 4. The observed displacement of the line will 
then be the mean of the displacements corresponding to the 
velocities of all points which send rays into the slit, ¢. ¢., of all 
points on the entire circle whose radius is ry, and whose plane is 
determined by the Sun's center, the point B in which they leave 
the Sun’s limb, and the observer. Knopf did not plainly say in 
his paper that he did not mean one single ray, but an entire 
bundle, or that this consideration of more than one ray is made 
necessary by the appreciable width of the slit, and he did not 
prove that to a very small difference @ of the angle ¢ which the 
ray makes with the tangent to the sphere 7,, corresponds a very 
large change in the position of the point A in which the ray 
pierces the sphere ry. This latter proof we have given in proving 
that for dp 


which we deduced from (5). We there considered A as fixed, 
and varying 7¢ by a, obtained d¢, the change in position of 4. If 
we consider # as fixed, as we do here, dp gives the change in 
position of A, the opposite sign obtained in that case being of 
no importance. 
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It is evident that the component in the line of sight of the 
velocity which a point of the circle ~ has in its own plane is 
alone of importance in producing a displacement of the line. 
For this component Knopf finds the value 

sina 
cosy 
where ¢ is the heliographic latitude of the observed point of the 
limb 4, and y is the heliographic latitude of that point A inside 
the Sun’s apparent surface, at which the absorption causing 
the line takes place. The point A may be determined by the 
angle v which OA makes with OB. The mean of the velocities 
of all points A of the circle 7, will be obtained by integrating the 
above expression from v = 0 to v = 2m and dividing by 27, ¢.¢., 
I sina cos 
or cos 
° 
If the absorption-line is caused by a stratum between 7’ and r" 
the mean of all rays from this stratum will have to be formed. 
This is r 
cos sin a f(r, W)drdv 
an(r”— cos 


r 


where fir, y) is the law according to which the velocity of a point 
of the Sun depends upon its latitude and distance from the 
center. In deducing this expression it has been assumed that the 
Sun’s axis of rotation is at right angles to the line of sight, which 
takes place twice a year. Knopf also treats the more general 
case where the inclination is any angle, and from the formule 
which he obtains, arrives at the conclusion that if Dunér’s values 
are correct it is impossible that the Sun rotates as a solid body, 
or that the concentric shells rotate as solid shells. For the 
details the reader is referred to Knopf’s paper in A. NV. 3199. 

In closing this paper I may express the hope that American 
astronomers will recognize the elegance and beauty of Schmidt’s 
theory, and will contribute to its further development. 
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A CLOUD-LIKE SPOT ON THE TERMINATOR OF 
MARS. 


By A. E. DOUGLASs. 


On November 25 and 26 a bright spot was seen in the unil- 
luminated portion of Mars, to which, in my opinion, no other 
name than cloud can be applied. Its great height, size, and 
brilliancy, and, on the second evening, its singular fluctuations, 
render it of importance in the study of the Martian atmosphere. 

I first saw it at 16" 35™, G. M. T. of November 25, and made 
an estimate of its height. It seemed to be rapidly increasing in 
length ina direction parallel to the terminator at that point. Sub- 
sequent estimates of its height gave a different and greater value 
than at first, until its sudden disappearance at 17" 6™ or perhapsa 
minute later. After once attaining its size, it seemed to remain with 
little change, presenting the appearance of a line 140 miles long 
by 40 miles wide at the center and lying parallel to the terminator, 
but separated from it by an apparent space of over 100 miles. 
It was generally yellowish in color, like the limb, but of less bril- 
liancy than the center of the disk, though distinctly surpassing 
in that respect the adjacent terminator. I estimated it to have 
the brilliancy of the light areas of the disk at a distance of 9° 
from the terminator. In one view it appeared to be a very small 
whitish point (Observation 2, below), and I am inclined to think 
that there may have been a real diminution in its size at that 
moment. This idea is partly sustained by the following night's 
observations. At 16" 54™it was observed by Professor Pickering, 
whose estimate of its height is found in Observation 6, below. 
At 17"5™,after obtaining two readings of the micrometer screw 
for latitude, the seeing, which had been quite steadily at the fig- 
ure 7 (on ascale of 10), dropped to 4, and in attempting the next 
setting I could not find the “cloud,” although once before it had 
remained visible when the seeing dropped instantaneously to 


that figure. Nor did it reappear in the next half hour. This 
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sudden disappearance without any previous lessening of its 
height above the terminator or of its size, made its cloud char- 
acter unmistakable, since a mountain beyond the sunrise termi- 
nator must either constantly decrease in height, or soon join to 
the illuminated disk. 

A subsequent computation showed that this phenomenon 
took place over the southern part of Schiaparelli’s Protei Regio. 
Other reasons lead me to think, however, that he has placed 
that island some 5° too far south. 

On November 26 the cloud promptly appeared at 17°15™ 
G. M. T., but nearly 9° farther north. Instead of remaining 
continuously visible it dissipated and re-formed at irregular 
intervals. The first appearance lasted sixteen minutes. After 
somewhat over four minutes had passed it reappeared momen- 
tarily, and six minutes elapsed before it appeared again, last- 
ing then but two and one-half minutes. Then followed an 
absence of three minutes, presence for two minutes, absence for 
three minutes, presence one minute, and a final brief appearance 
eight minutes later at 18"1™. Its presence was suspected five 
minutes before that hour, and again at 18"11™, but with great 
uncertainty. 

At this time it presented in general the same characteristics 
as the night before, though its appearances were too brief to 
permit such careful observations as were hoped for. The seeing, 
too, was not so good as before, varying from 4 to 7, and if the 
cloud happened to appear under the former figure, its observation 
was difficult. It is needless to remark that under such condi- 
tions it was impossible to observe its appearance or disappear- 
ance to the second. In general, it seemed to exhibit a less eleva- 
tion than the night before. A careful estimate of its latitude 
placed it precisely at the center of the terminator. I believe 
these latitude observations, though made rapidly, cannot be sub- 
ject to an error greater than 2°, and probably less than 1°. On 
November 27 at 18" I searched for the cloud, but was not 


rewarded by finding any trace of it. 
Estimates of the size and height of this cloud were made 
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with reference to a glass thread in the micrometer, whose diam- 
eter is 0".g. One-tenth of the thread, therefore, represented on 
Mars a little less than twenty-four miles. In Table I below the 
observed dimensions are given directly in miles. Column S gives 
the separation of the cloud from the terminator ; W gives its 
width; H, its total height, and L, its length along the termi- 
nator. In the two final columns the longitude and latitude of 
the nearest point of the terminator are given. Table I] gives 
various computed quantities. 


TABLE I. 
Date | Obser. Time (G. M. T.) | L Long. Term.) Lat. 
Nov. 25 I 16 37.5 71 | 48 | 119 43.6 —32.5 
“a 2 39.0 142 | 44.0 = 
3 41> 143 | 143 | 44-4 
: 4 47.0 119 58 | 177 | 45-9 5 
5 49.1 166 142 46.3 
6 55.0 119 | 47-9 
Nov. 26 7 17 23.0 96 24 | 120 43.0 —23.3 
8 43.0 | 118 47.8 
9 49-3 49 | 48 | 97 | 49.4 4 
| | 
TABLE II. 

Obser. Long. Dist. Term. | Long. Dist. Term.| Lat. 
I 6 48.7 159 58 17 | 51.9 263 | -30.3 
> | “ 
3 24 | 545 323 24 24 | 54-5 
4 17 54.2 263 79 38 | 399 | “ 
5 34 58.0 376 wl 
6 17 56.2 263 | - 
7 11 49.1 211 37 16 50.5 | 263 -21.5 
8 16 55.2 259 “i 
9 3 52.6 107 56 II 55.5 211 - 


In Table I], column 1 gives the number of the observation, 
column 2, the height at which the shadow of the planet will 
strike a cloud presenting the observed separation; column 3 
gives the surface longitude for such a point; column 4 gives the 
tangential distance in miles of such a point from the terminator ; 
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column § gives the total height the cloud would have if all its 
apparent height were extended vertically over this point ; column 
6 gives the least possible height the top could have and still be 
illuminated by the Sun; columns 7 and 8 give the longitude of 
this point and distance from the terminator, and column 9g gives 
the latitude. 

In order to get an idea of the mean height of this cloud, we 
may take the mean of column 4 and average it with the mean of 
column 8, obtaining 260 miles. This gives us an elevation above 
the surface of between 16 and 17 miles. In this process we 
have taken the apparent center of the cloud, and have assumed 
the seeing to have no influence. We obtain, therefore, the 
smallest possible mean height of the center of the cloud. If we 
assume that the seeing was not perfect, its effect would be to 
lessen the separation, but not to change the total height.  Sup- 
posing, for example, that the apparent extension of the cloud 
was due to poor seeing enlarging a point, then our terminator 
distance would be 299 miles, and our minimum elevation 22 miles. 
Therefore we can assume 20 miles to be the smallest probable 
mean elevation of this cloud. The average height of our cirrus 
clouds is five and one-half miles. 

One more idea requires mention, namely, the movement of 
this cloud in latitude. From the extreme rarity of such an 
occurrence I am inclined to connect intimately the appearances 
of the two evenings, and consider them as due to one source, 
presumably a large body of air moving northward. Such an 
advance would be at the rate of 13.1 miles per hour. 


LOWELL OBSERVATORY, 
December 10, 1894. 


$ 
; 
| 
* 
| 
} 


PRELIMINARY TABLE OF SOLAR SPECTRUM 


WAVE-LENGTHS. II. 


By HENRY A. ROWLAND. 


Intensity Intensity 
Wave-length Substance | and Wave-length | Substance and 

Character | Character 
3911.554 Mn o Nd? 3917.400 Oo 
3911.708 000 3917-731 Cr 0 
3911.836 Fe I 3917.893 000 
3911.963 Se 2 3918.007 | oN d? 
3912.127 Cr? 2N 3918.223 oN 
3912.224 0 3918.396 Mn 0 
3912.341 V? fe) 3918.464 Fe 4 
3912.445 Ni? 2 3918.563 Fe 4 
3912.561 3918.713 
3912.732 00 3918.789 Fe 5 
3912.935 Fe oO 3918.929 00 
3913.030 3919.035 fe) 
3913.123 Ni 2 3919.208 Fe 3 
3913.282 000 N 3919.309 Cr | 3 
3913-395 .. 3919.499 | 000 N 
3913.609 Ti-Fe 5 d? 3919.708 | ONd? 
3913-775 Fe 4 3919.869 te) 
3914.153 Ce? 1N 3919.956 cer fe) 
391 4.320 3920.114 fe) 
3914.426 Fe ? 3 3920.264 Co? ia 
3914-477 Ti 2 3920.410 Fe | 10 
3914.566 I 3920.591 | o N? 
3914.652 Ni? I 3920.768 Fe I 
3914.880 Fe oN 3920.868 Co IN 
3915-094 oN 3920.984 Fe 2 
3915.359 Fe I 3921.105 | oO 
3915.612 Fe, Cr I 3921.188 Cr-Nd 3 
3915-751 3 | 3921.326 | 
3915.951 Cr- 5 d? | 3921.415 Fe I 
3916.079 Zr I 3921.563 | Ti I 
3916.207 Zr-La oN d? 3921.695 La- 4 
3916.383 cr 2 3921.855 Zr-M 4 
3916.545 3 3922.043 oN d? 
3916.661 Mn 00 3922.159 00 
3916.745 Zr | 00 3922.223 Mn I 
3916.879 s Fe |} 5 3922.560 V IN 
3916.992 | oo 3922.815 Mn I 
3917.125 3922.907 Co fe) 
3917.264 Co | sg 3923.054 Fe 12 d? 
3917.324 Fe | § | 3923.180 I 
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Wave-length 


3923.246 
3923-375 
3923.472 
3923.641 
3923.831 
3924.005 
3924.206 
3924.313 
3924.492 
3924.0735 
3924.791 
3924.929 
3925-153 
3925-347 
3925.491 
3925.677 
3925-790 S 
3925.939 
3926.086 ) 
(3926.123) rs 
3926.165 | 
3926.320 
3926.405 
3926.597 
3926.779 
3926.917 
3927.079 
3927.269 
3927.392 
3927.434 
3927-585 
3927-748 
3927-937 
3928.075 
3928.23! 
3928.357 
3928.485 
3928.636 
3928.783 
3928.904 
3929.124 
3929.260 
3929.363 
3929.497 
3929.663 
3929.864 
3930.022 
3930.180 
3930.291 
3930.450 


Substance 


Mn 


Fe 


Ti 
Mn 
Cr 


Fe-Co 
Fe-La-Mn 
Co? 


Mn ? 
Ti 


Intensity 
and 
Character 


Wave -length 


3930.654 
3930.804 
3931.030 
3931.269 
3931.4383 
3931.729 
3932.039 
3932.101 


39 34. 
3934-174 
39 34.061 
3934.818 
3935-358 
3935-403 
3935.558 
3935-737 
3935-905 
3930.121 
39 36.507 
39 36.099 
3936.912 
3937-105 
3937-233 
3937-479 
3937.5380 
3937-095 
3937-972 
3938.116 
39 38.1600 
3938.3260 
3935.4 
3938.5 
3938.7 
3938.876 
3939.007 
3939.112 
3939.288 
3939.532 
3939.059 
3939.730 
3940.026 
3940.183 
3940.324 
3940.499 


Substance 


Mn ?- 


4 


Fe 


Mn- 


Fe? 


Intensity 
and 


| Character 


On On OOO 
ZZZ 


° 
Z 


° 
ro) 
Zz 


| 
0 | | 
| 
Mn 00 
000 
| 
I Ti 
oo N 3932-395 
3 Ti 4 3932.625 | OO N 
00 3933-0506 
oo N 3933-523 
eb Co, Fe? 4 3933.825 sK Ca 4 1000 
on 000 Co- 8 N 
I | ON 
000 Co ?, Fe? 
= 4 | 
4 Co, Fe | 
3 -- Mn ? | 00 
000 N oN d? 
Fe 2 
| 2N Co 2 
| 00 } 
| 
oNd? Mn o Nd? 
000 | OO N d? 
00 | 3 
| 00 
Fe 8 | ° 
ee Fe 2 I 
| 
eo -Cr? 2Nd? 000 
2N 2 
00 4 
Cr | 0 
| 
2 
| | 2 0 
|| | o0 N 
oN | 00 
o Nd? 00 
2 | o0 N 
| 000 | 00 
| Fe 8 | o Nd? 
4 
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Intensity Intensity 
Wave-length Substance and Wave-length Substance and 
Character Character 
3940.812 | 0 3947.300 00 
3941.025 S Fe, Co 5 3947-522 2 
3941.190 ) 3947-675 Fe 4 
3941.323 I 3947..830 I 
3941.424 Fe? 3 3947.918 Ti 2 
3941.510 000 3948.117 000 
3941.037 Cr 3 3948.246 Fe 5 
3941.753 00 3948.420 I 
3941.878 Co 3 3948.613 oo N 
3941.997 I 3948.818 Ti 4 
3942.157 Mn?- oN 3948.925 Fe 4 
3942.296 Ce? I 3949.039 S Ca I 
3942.380 fe) 3949.199 La I 
3942.510 | {2 3949.286 Fe 2 
(3942.558) 4 3949-372 I 
3942.586 | Fe 3949-544 
3942-747 000 3949-753 
3942.886 Co-Ce 3949.959 
3942.984 Mn 3950.102 s Fe 5 
3943.238 2 3950.278 fe) 
3943.322 2 3950.398 000 
394 3.489 Fe 3950.497 S Y 2 
3943-622 oN 3950.61 3 fe) 
3943-721 | I 3950.938 000 
3943.819 tele) 3951.219 Cr I 
3943.960 (1 | 3951-301 Fe 5 
3944.058 fe) 3951.449 
3944.160 S Al 1 15 | 3951.578 00 
3944.319 (iN 3951.765 Y oNd? 
3944.492 | 3951.917 Cr oN 
3944.681 oo N 3951.978 000 
. 3944.824 I 3952.103 Mn- 2 
3944.884 Fe? 2 3952.235 00 
3945.033 Fe 3 3952.342 Na? fe) 
3945.128 Co I 3952.465 Co fe) 
3945.260 Fe 3 3952.549 Cr fe) 
3945.358 ' 3952.606 000 
3945.473 Co 3N 3952.683 000 
3945.633 Cr? 00 || 3952-754 Fe 4 
3945.827 oo Nd? || 3952.850 Fe,- 3 
3945-993 Mn? I || 3952.894 
39460.101 Cr? 00  3953.043 Mn 3 
3940.188 Fe 3953-120 Co 3 
3946.340 fe) | 3953.222 I 
3946.599 00 | 3953-303 Fe-Cr 3 
3946.693 3953.400 fe) 
3946.800 Co fe) | 3953.550 00 
3946.953 ooo N 3953.641 I 
3947.142 Fe 3 395 3.804 000 
3947.272 Co fe) 3953.844 0000 


: 
; 
= 
° 

\ 

} 

} 

ae 
j 
3 
| 
= 
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Wave-length 


3954.002 
3954-104 
3954.190 
3954-414 
3954-530 
3954-357 
3954-907 
3955-157 
3955-350 
39055.482 
-744 
.903 
.g68 
.099 
-197 
.316 
-470 
S819 
30 
1775 
3957-797 
3957-939 
3958.073 
3958.231 
3958-355 
3958-474 
3958.554 
3958.647 
3958.776 
3958.5877 
3959.006 
3959.102 
3959-335 
3959-435 
3959.588 
3959.678 
3959.862 
3959.972 
3960.288 
3960.422 
3960.547 
3960.783 
3960.902 
3961.051 
3961.148 


w 


ooo 


o 


we 
oo 


SJ 


o 
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Intensity 


Substance and 


Character 


-Fe 5 


Fe 4 


Co oO 


Wave- 


3901. 
3901. 
3901. 
3901. 
3901. 
3962 
396 
390 
390 
390 
396 
390 
396 
396 
390 
390 
396 
396 
390 
3900 
3960 


3906 
3960 
390 
390 
390 
396 
396 
3905. 


3905. 


2 
> 
> 
> 

2 
> 
> 
> 
> 
3. 

> 
3. 
3904. 
4. 

4. 

4. 

4. 

4- 

4. 

5. 


3905. 
39005. 
3905. 
3965. 
39005. 
3906. 
39006. 
3900. 


39606. 


3900.7 


3006, 
3907. 


3907. 


3907. 
390%. 
39608. 
3968. 
3965. 
3968. 


length 


281 

22 
538 
674 
947 


.489 
-534 
785 


108 
252 
309 
437 
576 
701 
831 
94I 
173 
326 
410 
541 
603 
148 
306 
437 
O14 
655 
750 
SOS 
98o 
009 


212 


960 
194 
570 
777 
000 
114 
350 
625sH 


354 


Substance 


Fe 


Fe 


Intensity 


and 


Character 


zz 


OoNNF ON OW 


Nd? 


HON 


“IO 
° 
ZoZ 


| 


134 
| 
; 
| 000 | 
| | 
000 1] Al 
00 | 
| Ni, Mn 2 
au a | Fe? I | } — Fe? } 
000 
000 N Fe? 
| I | | 
00 1] 0 
} 
00 ri 3 
00 
000 | = 3 
ere 00 | | 00 
ve | 00 | | I 
Co-Ti 4 00 
Fe 4 ce | 3 
Fe 6 | { 000 
00 | | 00 
|  Fe-Ca 7d? 
oo N | Ti || 2 
Fe, Co I | 00 
| 
oo | Fe 3 | 
Co 2 1} Fe? oNd? | 
| o | | Bigs | 
I Zr 5 | -Co oO 
000 | | 000 
000 Fe,- 
00 | 
I 
000 | 
oo 
00 | Fe 
194 
4 . 00 647 Ni, Fe 
00 | 
coo 
| I | 
00 | Fe 
| | | 
000 | | | 
oo || | Fe | 
| Cr | 00 | 
00 | Ca 
| | = Fe? | | 
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Intensity Intensity 
Wave-length Substance and Wave-length Substance and 

Character Character 
3968.886 ON 3975-197 oo Nd? 
3969.073 oN 3975-350 Fe 2 
3969.287 Cr, Co oN 3975.506 Co- I 
3969.413 Fe 10 3975.662 00 Nd? 
3969.544 oN 3975.831 oo Nd? 
3969.642 oN 3975.985 Fe-Mn 2 
3969.784 Fe 3976.097 4 000 
3969.899 Cr [2 3976.230 2 
3970.005 Fe? |oN 3976.325 000 
3970.177 5N 3976.416 00 
3970.305 3976.532 Fe 2 
3970.419 I 3976.692 Fe 2 
3970.540 2 3976.770 Fe 3 
3970.631 I 3976.839 Cr 3 
3970.711 000 3977.009 Fe 2 
3970.803 3977.126 
3970.979 fe) 3977.223 Mn 00 
3971.147 IN 3977-337 Co 0 
3971.265 000 3977-477 000 
3971.402 Cr oO 3977.716 oo N 
3971.475 Fe 5 3977-891 S Fe 6 
3971.608 000 3978.036 000 
3971.751 000 3978.161 
3971.863 | 00 3978.306 fe) 
3971.969 Fe? | Oo 3978.485 I 
3972.134 | oN d? 3978.604 Fe 2 
3972.313 Ni | 2 3978.715 (ele) 
3972.407 | J 3978.809 Co, Cr 3 
3972.558 | I 3978.916 000 
3972.598 Co oO 3979.003 Co? fe) 
3972.720 I 3979.152 000 
3972.830 Cr? 3979.256 00 
397 3.056 Fe I 3979.344 
3973.152 00 3979.466 oo 
397 3.262 | Co I 3979.064 -, Co 4 
397 3.308 Co I 3979.783 Fe 3 
397 3.418 Fe? |  3979.936 Fe, Cr fe) 
3973.558 oo N  3980.043 00 
397 3.702 | Ni, Zr 3 3980.153 I 
397 3-796 Fe (1 3980.289 
3973.864 ° Ca 3980.441 00 
3974.004 Fe ? fe) 3980.664 oo 
397 4.057 I | 3980.779 Fe I 
397 4.164 000 | 3980.963 000 
397 4.310 I 3981.024 tele) 
397 4.408 oo ||  3981.122 Ce I 
397 4.536 Fe 3 3981.248 Fe 2 
397 4.037 Ni? 2 ||  3981.376 Cr I 
3974.774 Ni 2 | 3981.467 000 
3974-904 Co-Fe 6 d? 3981.592 000 


"The Hydrogen line must be wide and diffuse, and thus probably coincides with 


this solar line which is of that nature. 
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} 
Intensity | Intensity 
Wave-length Substance and Wave-length Substance and | 
Character | Character f 
3981.662 00 3988.617 | {o 
3981.762 Zr? fe) 3988.659 'La 
3981.917S Ti 4 3988.705 f 
3982.142 Fe? 2 3988.812 ooN 
3982.308 oo N 39838.979 00 N d? 
3982.470 oo N 3989.1 37 3 | 
3982.630 ri-Mn 2 3989.232 2 
3982.742 Y 3 3989.404 ooN 
3982.896 000 3989.592 oo N 
3983.053 Mn 00 | 3989.753 ooN 
3983.150 2N | 3989.912 Ti 4 \ 
3983.341 2N ||  3990.011 Fe 3 
398 3.503  3990.129 Cr-Mn I 
3983.682 I 3990.248 
3983.811 00 | 3990. 333 00 
3983-959 3990.445 Co 
3984.059 | Cr [3 3990.525 2 
(3984.091) }s 4 |}  3990.712 V o Nd? 
3984.113 | Fe 4 3990.905 000 N | 
3984.294 Mn 2 | 3991.095 00 N d? ; 
3984.479 Cr 2 | 3991-333 Cr, Zr 3 
3984.592 00 | 3991.459 oo N 
3984.707 000 3991.580 Fe I 
3984.806 Ce-Zr 2 39091.690 Co } 
3984.982 00 3991.830 Co-Cr 2 
3985.084 I | 3991.892 
3985.213 000 | 3991.981 00 
3985.385 |  3992.041 00 
3985.463 Mn I ||  3992.164 000 
3985.539 Fe 5 3992.261 00 
3985.745 00 | 3992.396 2 
3985.773 00  3992.538 Fe I 
3985.939 oo N d? | 3992.631 00 
3986.147 00 N ||  3992.790 
3986.321 Fe 3 3992.971 V-Cr 3d? 
3986.439 3993.121 00 
3986.513 000 ||  3993.246 Fe 2 
3986.717 000 3993-451 ooN 
3986.903 S 6 3993.616 Ba? oo N 
3986.979 Mn I ||  3993.758 
3987.140 | I | 3993.878 o 
3987.244 -Mn 3  3993.978 09 
3987. 332 | Co I |} 3994.092 Cr I 
3987.520  3994.160 Ni I 
3987.625 Mn? | 3994.265 Fe 4 
3987.755 Ti? 2 | 3994.416 000 
3987.885 000 | 3994.474 000 
3988.114 3994.612 
3988.259 000 N | 3994.660 Zr-Co 2N 
3988.485 oo N | 3994.828 Nd? 2 


*The Lanthanum line is a compound line made up of 
about the width of these three lines of the spectrum, 


two or three lines covering 


‘ 
res 
2& 
ag 
> 
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Intensity 
Wave-length Substance and 

Character 
3994.958 Ti oo 
3995.096 00 
3995-217 00 
3995-352 2 
3995-403 Co 5 
3995-586 
3995-769 Ba? 000 
3995.899 La 1 Nd? 
3990.009 00 
3996.140 Fe 3 
3996.264 
39960.410 I 
3996.498 00 
3996.682 Sc 00 
3990.752 00 
3990.845 00 
3996.935 0 
3997-004 000 
3997-115 Fe 2 
3997.258 Cr? I 
3997.365 Mn 000 
3997-547 Fe 4 
3997-638 2 
3997-757 000 
3997-895 oo N 
3998.053 Co 4d? 
3998.205 Fe 4 
3998.417 000 
3998.620 
3998.790 Ti 4 
3998.893 000 
3998.999 000 
3999.117 Zr, Fe I 
3999.197 Ce oO 
3999.295 000 
3999.393 
3999.495 Fe? 00 
3999.646 000 
3999.818 Cr? tele) 
3999.943 000 
4000.173 Fe? 
4000.296 000 
4000.403 Fe 2 
4000.521 
4000.611 Fe 2 
4000.729 00 
4000.965 
4001.119 000 
4001.256 
4001.315 3 
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Intensity 
Wave-length Substance and 

Character 
4001.387 Mn 000 
4001.489 000 
4001.595 Cr I 
4001.704 00 
4001.814 Fe 3 
4001.895 rele) 
4002.086 Mn oo N d? 
4002.227 
4002.308 Mn 00 
4002.547 00 
4002.652 Fe-Ti od 
4002.808 fe) 
4002.948 00 
4003.076 2 
400 3.230 000 
4003.424 oo N 
4003.655 oo N 
4003.772 oo N 
4003.912 S Ce-Fe-Ti 3 
4004.062 00 
4004.168 fe) 
4004.308 
4004.412 000 
4004.536 00 
4004.753 oo 
4004.855 000 
4004.982— Fe I 
4005.067 I 
4005.202 I 
4005.216 |. I 
4005.308 rs oN 
4005.408 Fe 
4005.545 I 
4005.632 I 
4005.802 000 
4005.856 3 
4005.994 000 
4006.114 Ti 
4006.168 
4006. 304 Ni I 
4006.464 Fe 2 
4006.621 00 
4006.776 Fe 3 
4096.901 2 
4006.978 I 
4007.142 I 
4007.185 Mn 00 
4007.310 000 
4007.429 Fe 3 
4007.586 00 


4 
| 
| 
| 
} 
| 
} 
} 
a 
| 
a 


4009.401 
4009.507 
4009.094 
4009.807 
4009.864 


° 


> 


NS 


aN 


4012.399 
4012.54! 
4012.631 


Substance 


Fe 


Co-? 
Mn-Ti 


Ti-Fe 
Fe 


* Probably compound lines, 


Intensity 
and 


Character 


oo N d? 
00 
oN 


of which there 
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Wave-length 


4014.117 
4014.274 
4014.420 
4014-537 
4014-077 
4014.527 
4014.941 


4015. 
4015. 
4015. 
4015. 
4015. 
4015. 
4015. 
4010. 
jO16. 
4010. 
4010. 
4010. 
4016. 
4010. 
4017- 
4017. 
4017. 
4017. 
4017 
4017. 
4017. 
4015. 
4018. 
4018. 
4015, 
4015. 
4018. 
4018. 
4015. 
4019. 
4019. 
4019. 
4019. 
4019. 
4019. 
4019. 
4020. 
4020. 
4020. 
4020. 
4020. 
4020. 


are mé 


o86 
305 
416 
532 
625 
760 
SSO 
027 
154 
240 
434 
574 
005 
35 
955 
114 
244 
308 
458 


.620 


72 
925 
050 
234 
200 
420 
534 
640 
540 
990 
037 
201 
287 
450 
550 
747 
937 
034 
I7I 
220 
341 
424 
547 


Substance 


= 


oe a 


‘o-Cr 


Ni-Ce 


Intensity 


and 


Character 


oo N 
oo N 
I 

00 
5d? 
00 
000 
oN d? 
fe) 
000 


iny in the spectrum of Manganese. 
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— (|| 
| 
4007.758 | Co | 
4007.948 | 
4008.07 5 | Fe 
4008.215 | 
4008.322 Fe 
we 4008.507 000 | | 
4008.748 | Ce 
4008.882 00 
009.022 2 | | 
4 022 | 
4009.079 ri 3 x | 
4009.201 | | 000 Ti? | \ 
| 
4009.29! | I 3 
| 000 | 00 
000 
Fe I | 00 
Ti | I | 000 
4010.057 | 000 ll 
4010.1 34 | Ni | 00 | 00 
4010.201 | 000 | 00 
4010.327 Fe I | 
= 
| 00 | | 3 | 
Bae: | | 000 Fe | 4 
“ | | 3 | | 000 
ae 000 Ni? 2 
| 
) Fe | 2 | 
4011.0 | Fe ri | o 
4011.221 | 00 | 00 
4011.451 oo Mn 1, §3 
bas | Fe Mn | 
4011.693 Mn 00 Fe 
"9. | 
401 1.865 Fe 2 00 
4012.046 | 00 00 
4012.174 | 00 | 900 
} 
4012.305 Fe | 0 00 
: Nd, Zr I 00 
Cr | | 00 
Pe 4012.757 | ooNd? | Co | 0 \ 
4012.858 | | 000 
4012.941 | 00 | ooN 
4013.221 00 | | Fe | 900 
401 3.387 0 | | 
4013.614 000 Mn I 
4013.904 | | 5 hele I 
| 
| 
> 
| 
a 
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Wave-length 


4020.639 
4020.799 
4020.927 
4021.057 
4021.238 
4021.340 
4021.493 
4021.6045 
4021.769 
4021.893 
4022.018 
4022.199 
4022.371 
4022.401 
4022.599 
4022.085 


> 


Ns 
“IW 


to 


N 
° 
Oh 
= 


wo 


> 

NR 


+ 
me) 
N 
av 


oN 


= NN™ 


te 


4026.461 
40206.553 
4026.091 
4026.919 
4027.067 
4027.189 
4027.253 
4027.399 


* Probably compound lines, of which there are many in the spectrum of Manganese. 


Intensity 
Substance and 
Character 
Fe I 
000 
000 
Co 3 
Nd 
Fe 2 
Ti 
Fe 5 
oN 
Fe I 
Fe 
Cu? 000 
Fe 2 
Nd oO 
oo N 
Co- 3 
La 000 
Sc 2 
Fe 000 
Zr I 
re 2 
000 
00 
Ti 3 
Fe 4 
ooo N 
Cr 
Ti- 3 
000 
Cr 
000 
Co-La 2 
oo 
Cr 
oo 
Mn 
Ti I 
00 
oo 
Co I 
Cr 
Zr 00 


4% 
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Intensity 
Wave-length Substance and 
Character 
4027.539 fe) 
4027.623 00 
4027.822 
4027.939 00 
4028%.092 
4028.272 000 
4028.497 Ti- 4 
4028.638 
4028.756 
4028.912 Fe-Ce I 
4029.138 Zr 000 
4029.319 000 
4029.445 000 
4029.597 oN 
4029.796 s Fe-Zr 5 
4030.026 oo N 
4030.198 Zr oo N 
4030.339 Fe 2 
4030.497 Sr fe) 
4030.046 Fe-Ti 5 
4030.796 
4030.878 | Mn 4 
(4030.918) +s 
4030.947 } Mn 5 
4031.048 2 
4031.270 
4031.395 Fe I 
4031.492 fe) 
4031.5960 
4031.712 00 
4031.865 Fe-La 2 
4031.942 Mn 2 
4032.117 Fe 2 
4032.205 00 
4032.418 
4032.610 Fe 2 
4032.789 Fe 4 
4032.985 000 
4033.112 00 
4033.224 Fe-Mn d? 
4933-337 I 
4033-425 00 
4033.578 000 d ? 
4033.7 32 Mn 
4033.814 Mn (1 
4033.946 00 
4034.052 00 
4034.120 00 
4034.245 00 
4034.380 IN 


4 
| 
| a 
| 
| | 
5 
| 
1] 
1 
} 
| : 
| 
| 
4022.775 
4022.89 3 
4023.105 a 
4023-379 | 
f 4023-533 
4023.705 | 
4023.834 | “Ne 
| 
023.9079 
4 7 
| 
| 
6 
| 
i] 4 
| 
| 
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Wave-length 


4034-533 

4034.044 
4034.880 
4035.018 
4035.265 
4035.399 
4035-575 
4035.695 
4035.752 
4035.883 
4035.976 
4036.131 
4036.251 
4036.293 
4036.522 
4036.717 
4036.813 
4036.923 
4037.076 
4037.268 
4037.449 
4037.585 
4037.091 
4037.837 
4038.094 
4038.272 
4038.425 
40 38.627 
4038.771 
4038.944 
4039.094 
4039.244 
4039.444 
4039.580 
4039.727 
4039.891 
4040.013 
4040.093 
4040.243 
4040.411 
4040.464 
4040.657 
4040.792 
4040.937 
4041.099 
4041.221 
4041.431 
4041.525 
4041.803 
4041.957 


Substance 


Mn-Fe 


Co 
Mn 
Ti, 


Fe, Mn 


Cr 


Fe? 


Fe 
Ce, Nd, Co 


Fe 
Mn 
Zr- 


Intensity 
and 
Character 


HENRY A. ROWLAND 


Wave-length 


4042.064 
4042.137 
4042.297 
4042.397 
4042.511 
4042.591 
4042.743 
4042.909 
4043.054 
4043.145 
4043.500 
4043.757 
4043.839 
4043.950 
4044.056 
4044.141 
4044.294 
4044.423 
4044.531 
4044.044 
4044.706 
4044.992 

8 


n 


4045.549 
4048.704 
4048.818 | 
(4048.883) 
4048.910 } 
4049.148 


Substance 


Mn 
Mn 
Co 


Fe 


K? 
Fe 


Zr 


Mn-Cr 
Mn 


Intensity 
and 
Character 


Probably compound lines, of which there are many in the spectrum of Manganese. 


I 00 
6 d? 000 y 
ooNd? || 00 
oo N 000 
| 000 
00 Cr, Nd 
| co 
14d? 
4¢ | 000 { 
00 oN 
‘ 
19) ‘ 
000 
| 00 Cr 
00 2 
000 K 0 
| I 000 
oo Nd? | 00 
2 
Cr 00 | Fe 3 
00 000 
I | 4045.2606 1\2 
ooNd? || 4045.37! (iN 
||  4045.538 5 
ooNd? || 4045.748 2 
1 || 4045.864 
2 | 404 5.9758 30 
00 4046.117 IN 
| 
|_| 4046.230 2 
oN 4046.490 oo N 
000 | 4046.612 Cr 
oO 4046.764 000 
oo N } 4046.917 oN 
00 4047.171 00 N 
Fe I | 4047.338 ooNd? 
00 || 4047-556 00 
oo N 4047.958 oN 
1d? 4048.384 00 
000 | oo N 
oo 00 
3 | fi 
5 
| LS 
000 0 
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Wave-length Substance 
4049. 303 
4049-363 
4049.482 Fe 
4049.590 
4049.716 
4049.882 
4050.019 
4050.176 
4050.254 La 
4050.482 Zr 
4050.043 
4050.716 Zr 
4050.830 Fe 
4050.963 
4051.095 
4051.204 
4051.336 
4051.491 Cr-V 
4051.742 
4051.888 Mn 
4052.070 Fe 
4052.176 
4052.316 
4052.454 Fe 
4052.603 Mn 
4052.650 Fe 
4052.812 Fe 
4052.871 
4052.992 
4053.091 Co 
405 3.263 
4053-424 Fe 
4053-582 
4053-639 
405 3.839 
4053.981 Fe-Ti 
4054.085 
4054.225 
4954-335 Fe 
4054-457 
4054.591 Zr 
4054.714 Sc 
4054.863 
4054.962 
4055.023 Fe 
4055.189 Ti-Fe 
4055.365 Mn 
4055-533 
4055.701 s Mn 
4055-855 


Intensity 
and 
Character 


00 
oo N 
oo N d? 
oN d? 
000 

oo N d? 


ow 


Intensity 
Wave-length Substance and 

Character 
4056.007 000 
4056.135 Fe 
4056.221 Cr ° 
4056.345 
4056.495 Fe I 
4056.601 fe) 
4056.708 00 
4056.955 000 N 
4057.055 oo N 
4057.225 00 
4057.368 Co IN 
4057.499 Fe 3 
4057.668 7 
4057.817 fe) 
4057.881 000 
4057.961 000 
4058.041 Pb 
4058.115 Mn 
4058.372 Co-Fe 4 
4058.539 000 
4058.615 00 
4058.748 Ce fe) 
4058.915 Fe, Cr 3 
4059.081 Mn 3 
4059.239 oo 
4059.373 
4059.535 Mn "1 N d? 
4059.653 0 
4059.768 000 
4059.872 Fe 2 
4060.117 
4060.248 oo 
4060.415 Ti I 
4060.643 fe) 
4060.777 
4060.919 
4061.081 
4061.244 Nd- 3 
4061.450 ooo N 
4061.595 oN 
4061.881 Mn ree Nd 
4062.105 2 
4062.197 
4062.385 00 
4062.469 000 
4062.599 Fe 5 
4062.789 Cu? fe) 
4062.895 
4063.105 00 
4063.260 tele) 


‘Probably compound lines, of which there are many in the spectrum of Manganese 
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40608.2605 
4068.488 
406038.694 
4068.801 
4068.999 
4069.1 15 
4069.221 
4069. 306 
4009.423 
4069.588 
4069.701 
4069.590 
4070.055 
4070.195 
4070.43! 
4070.589 
4070.777 
4070.930 


‘ Probably compound iines. 
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Fe 
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length 


.059 
121 


5-465 
5.001 
5-857 
5-995 


Substance 


A 


Intensity 
and 


Character 


00 

1 N d? 

oN 


48 


oN 
oo N d? 


3 
000 Nd? 


| 
2 
| 
Bees 406 3.436 | Fe | 4 4071.137 00 
4063.57 Mn 4071.252 Zr 
4063.75 s Fe 20 4071.501 000 
4063.93 1 N d? 407 1.680 Fe I 
4064.07 | oN 4071.789 
4064.20 4071.908 s Fe [15 
4064.36 Ti I oN 
3 4064.51 Ni I 4072 000 
ay et 4064.60 Fe 2 4072.295 oo N t 
4064.913 000 407 2.655 Fe 2 
4005.2mm 2d? 4072.853 Zr = 
4065.389 407 3.052 Ce | oOoNd? 
4005.53 3 407 3.287 
4005.73 oN 497 3.493 000 
4065.86 = 407 3.037 Ce 
000 407 3.780 000 
00 4073.921 s Fe 4 
I 407 4.203 00 
I 407 }. 453 N 
Co 407 4.051 00 
od 497 4.947 Fe 3 
407 5.055 Ni, Zr, Cr 
+ Fe 5 4075.257 -Nd 2N 
Fe 3 407 Nd N d? 
a 407 000 
9 407 Fe 3 
00 Cr 00 
6 4076.283 00 ) 
ee 000 4076.375 Fe-Ce I 
000 4076.516 00 
Co 4076.044 Fe-Zr 2 
000 4076.792 Fe 4 
00 4076.959 Fe 2 
000 4077.033 I ‘ 
2 4077.221 Cr oN 
00 4077.348 
oo 4077.030 
I 4977-731 
000 4077.885 s Sr 
000 4077.985 
4078.126 
= 3 4078.318 
oo N 4078.515 Fe | 
‘ 
| oOoN 4078.631 Li 
| 4 4078.801 
} 
a 


Wave-length 


4078.977 
4079.1601 
4079-335 
4079.393 
4079.508 
4079.570 
4079.707 
4079.563 
4079.990 
40380.209 
4080. 3608 
4080.588 
4050.751 
4080.921 
4081.033 
4081.190 
4O81.385 
40S1.415 
4081.580 
4081.7 30 
40817887 
4052.060 
4082.204 
4082.425 
4052.559 
4052.749 
4082.925 
405 3.095 
408 3.243 
408 3.376 
4O53.515 
4053.715 
408 3.783 
4053.917 
4034.145 
4084.476 
4084.047 
4084.761 
4034.944 
4055.161 
4085.303 
4035.408 
4055.4607 
4085.595 
4085.727 
4055.S881 
4086.008 
4056.1 33 
4086,283 
4086.469 
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Intensity 
Substance and 


Character 


Wave-length 


Substance 


4086.861 
4086.988 
4087.115 
4087.252 
4087.425 
4087.482 
4087.641 
4087.755 
4087.855 
4087.949 
4088.200 
40388.333 
4088.448 
40388.596 
4088.713 s 
4088.877 
4089.000 
4089.199 
4089.374 
4089.568 
4059.748 
4089.935 
4090.113 
4090.228 
4090.338 
4090.474 
4090.67 1 
4090.728 
4090.921 
4091.109 
4091.235 
4091.588 
4091.711 
4091.828 
4092.149 
4092.248 
4092.431 
4992.547 
4092.065 
4092.821 
4092.975 
409 3.041 
4093.185 
4993-435 
4093.801 
4094-141 
4094.220 
4094-455 
4094-573 
4094.761 


La 


Fe 


Fe 


Intensity 
and 
Character 
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Mn, Ce 3 
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Mn, Y 14 3 
| oNd? 00 . 
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Fe 5 Fe 2 a 
000 Co, Mn 3 
000 N d? Fe 
ke 4 | *V, Ca? 3d? 4 
| 00 000 
Co 000 
Fe 4 Co | oo 
| 000 | | 00 
00 00 
oo N 000 
I 00 
2N 
Co- | 3d? | 000 
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Intensity Intensity 
Wave-length Substance and Wave-length Substance and 
Character Character 

4094.849 | oN 4102.541 ¥ 0 
4095.04 *Ca? | 4 4102.774 oo Nd? 
4095.251 000 4102.914 oo N 
4095.423 Mn | o 4103.097 S Si, Mn 5 
4095.511 | 4103.470 
4095.033 Vv 4103.621 00 
4095.795 000 4103.774 oN 
4095.901 000 4103.967 oo N 
4095.968 000 4104.141 000 
4096.129 Fe 3 4104.288 Fe 5 
4096.262 Fe 2 4104.459 00 
4096. 307 I 4104.623 Co, V fe) 
4096.481 000 4104.807 000 
4096.675 000 4104.909 Co, V 00 
4096.795 00 4105.099 I 
4096.848 Zr? fe) 4105.216 00 
4096.976 000 4105.318 Vv 2 
4097-101 00 4105.514 Mn ooN 
4097-168 | 00 4105.807 000 
4097-241 Fe 3 4105.879 000 
4097-389 00 4105.981 000 
4097-612 000 4106.294 000 
4097-733 | 000 4106.420 Fe 2 
4097-808 | 4106.583 Fe 2 
4097-948 rele) 4106.7 38 tele) 
4098.115 4106.887 oN 
4098.335 Fe 5 4107.099 oO 
4098.587 000 4107.449 00 
4098.689 "Ca? 4 4107.649 S Ce-Fe-Zr 5 
4098.746 2 4107.815 000 
4098.947 | 000 4107.934 00 
4099.054° | 000 |  4108.041 00 
4099.207 | 4108.181 00 
4099.327 Ti | 00 4108.289 ; I 
4099.554 | 000 4108.454 000 
4099.727 La | 000 |  4108.547 00 
4099.941 Vv 2 4108.687 2 
4100.147 4109.062 fe} 
4100.315 Fe 2 4109.215 Fe 3 
4100.501 4109.374 000 
4100.661 000 4109.609 Nd? I 
4100.7 31 | 000 4109.7 34 Cr 
4100.901 Fe 4 4109.905 ‘Vv 2 
4101.067 oO 4109.953 Fe 3 
4101.244 4110.114 000 
4101.421 Fe | 2 4110.194 00 
4101.637 | {oO 4110.454 00 
4101.840 | 13 4110.547 | 00 
4102.000 Hd H, In | 4 40N | 4110.691 Co | 4 
4102.321 V 4110.854 000 


1 These lines coincide with the heads of bands due to Calcium. The bands proba- 
bly become lines owing to the weak dilution of Calcium vapor in the Sun. 
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| | Intensity | Intensity 
Wave-length Substance | and Wave-length Substance and 
Character | Character 
| | 
4111.02! Mn I 4118.148 | 00 
4111.154 Mn? I 4118.307 
4111.355 000 4118.347 000 
4111.509 Ce? I 4118.581 | 000 
4111.742 | 000 4118.708 Fe 5 
4111.827 00 4118.934 Co | 4 
4111.940 4119.050 Fe 2 
4112.139 | 000 4119.207 ooo N = 
4112.234 | 00 4119.411 | 
| 4112.327 000 4119.550 Fe | 2 
4112.478 Fe | 4119.679 | 
4112.603 000 4119.823 =. 
4112.721 oo Nd? 4119.950 | ° 
4112.869 Ti I 4120.075 |} o 
4112.959 000 4120.202 | 000 
‘ 4113.067 I 4120.368 Fe 4 
4113.117 Fe 3 4120.625 000 
4113.247 00 4120.775 oO 
4113.381 | Mn I 4126.926 000 
; 4113.679 000 N d? | 4120.995 | 90 
4113.839 ooNd 4121.308 | 00 
4114.021 Mn 00 N d? 4121.477s | CrCo | 64d? 
4114.271 oo d 4121.648 Zr | OON 
4114.461 Mn 000 4121.805 | OoN 
4114.606 s Fe 4 4121.963s | Fe,Cr | 3 
4114.771 oo N 4122.142 | 00 
4114.934 oo N 4122.306 | Sie I 
4115.094 2 4122.396 000 
4115.189 000 4122.511 oo N 
4115.330 “y 3 4122.673 Fe 3 
‘ 4115.533 oo N 4122.819 I 
4115.715 000 4122.936 000 
4115.834 000 4123.027 000 
4115.961 000 4123.184 oo N 
| 4116.047 00 4123.384 *La | 12 
4116.138 fe) 4123.430 00 
4116,276 000 4123-539 oO 
4116.361 000 4123.064 Mn 
4110.474 00 4123.713 Ti 006 
) 4116.634 1V I 4123.907 Fe 
4116.707 4124.030 Ce? 00 
4116.859 Nd? I 4124.097 | 00 
4116.974 00 4124.260 000 
4117.113 | 4124.359 | 000 
4117.317 000 -4124.510 | 000 
4117.414 00 4124.045 | ie) 
} 4117.587 000 4124.782 000 
4117.74! 00 4124.938 | 
j 4117.894 000 4125 067 | | Oo 
4118.008 2 4125.285 000 


‘These are some of the stronger Vanadium lines; and they are probably capable 
of producing the solar lines given in the table, especially 4111.940. 
? One of the strongest Lanthanum lines. 
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PHOTOGRAPHIC OBSERVATIONS OF ECLIPSES ( § 
JUPITER’S SATELLITES.' 
By WILLARD P. GERRISH. i 


SINCE the year 1878 systematic observations have been m 
at the Harvard College Observatory of the eclipses of Jupite 
satellites. The variation of the apparent magnitude of the sate 
lite, as it entered or emerged from the shadow, was determine 
by visual observations taken in rapid succession by means of 
polarizing photometer attached to the 15-inch refractor. 

Since the recent successful applications of photography t 
photometric research, it was decided to make photographic obse 
vations of all these eclipses visible at Cambridge, and the 11-inc 
Draper photographic telescope was chosen as being best adapte( 
to the requirements of the work. The instrument is a visua 
refractor with a photographic correcting lens, the photographic 
focal length being about 144 inches. It is provided with an ele 
trically controlled driving clock. It was found upon experim 
that an exposure of ten seconds with this instrument was suffic: 
to give satisfactory images of the satellites, and a plan of obs 
vation was arranged upon that basis. The observation of a d 
appearance was conducted by exposing a plate upon Jupiter abo 
eight minutes before the computed time of the eclipse, the tel 
scope being kept directed by its driving clock. The sl 
motion in declination was then moved by hand at intervals of 
seconds, the time being taken from a chronometer. The mo 


was of sufficient rapidity to insure distinct, detached image } 


the satellites without the use of an exposing shutter, and 
gauged to produce a displacement of the image on the plate 
about 0.8 of amillimeter. This amount was doubled on the sixtiet 
second of each minute, thus dividing the chain of images inte 
groups of six, each group representing one minute of time. The 
‘Communicated by Edward C. Pickering, Director of Harvard College Observ 


atory. 
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exposures were continued for ten minutes in the case of the first 
and second satellites, the time being somewhat extended in the 
case of the third and fourth. Reappearances were observed in 
the same manner. By this method a continuous series of images 
was obtained, having a uniformity of exposure which admitted of 
direct photometric comparison, besides giving a faithful record of 
the beginning or ending of the period during which the satellite 
was too faint to be photographed. After completing an observa- 
tion, short independent series of exposures were made upon the 
same plate, with the aperture of the telescope reduced by known 
amounts. In this way a valuable check was obtained upon the 
scale of magnitudes used. 

The success of the photographic method just described sug- 
gested the use of an attachment which should be entirely auto- 
matic in its action, and the apparatus shown in the accompanying 
photograph (Plate VIII) was designed by the writer. A drum, 
four inches in diameter, is attached to the tangent screw of the 
slow motion in declination. Upon the drum is wound a cord, 
leading along the side of the telescope tube, through a pulley at 
the junction of the polar and declination axes, and thence to a 
weight of sufficient size to readily turn the drum. As the 
pulley is at the center of oscillation of the telescope, the 
telescope tube can be moved without affecting or being 
affected by the tension upon the cord. As the drum revolves 
under the influence of the weight, steel pins inserted in its 
inner edge engage successively the three-armed locking lever 
shown in the photograph. The upper end of the lever is 
held in position by a hook on the armature of a small electro- 
magnet. The lever is similar in its action to an ordinary 
anchor clock-escapement. The drum turns in a direction corre- 
sponding to that of the hands of a watch, until stopped by a pin 
coming in contact with the left-hand arm of the locking lever. 
The end of this arm is slightly inclined, so that the lever, if free 
to swing, would be thrown aside, allowing the pin to pass. When 
an electric current is sent through the coils of the magnet the 


hook is lifted by the armature, freeing the lever, which is promptly 
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thrown to the right by the action of the pin, thus unlocking the 
drum. The pin thus released passes along under the right-hand 
arm of the locking lever, returning the lever to its original posi- 
tion, where it is caught by the hook and is in readiness to receive 
the next pin. This device makes it possible to control a consid- 
erable weight with a small magnet and light current, though the 
pressure ordinarily exerted by the cord upon the drum is about 
one pound. The pins on the drum are six in number, and the 
spaces between them are equal, with the exception of that between 
the sixth and first, which is double that of the others, allowing 
the telescope to move twice the usual amount at the end of each 
minute, as already described. The electric signals operating the 
magnet are given at intervals of ten seconds by a special clock 
connection. In the small photograph is shown a portion of the 
photographic record of an eclipse which occurred on December 
10, 1892. The telescope in this case was operated by hand. The 
new apparatus is designed to give a similar record. The images 
in the photograph are enlarged to about three times the scale of 
the originals. 


HARVARD COLLEGE OBSERVATORY, 
December 14, 1894. 
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| THE ARC-SPECTRA OF THE ELEMENTS. II. 
By Henry A, ROWLAND and ROBERT R. TATNALL. 
GERMANIUM. 
(w.-2. 2300 to 4600.) 
| Intensity | Intensity 
Wave-length and Remarks in 
Character | Sun 

2314-305 4 
2328.014 5 
2338.732 2 
2379-234 8 
2394.185 2 
2397-999 4 
2417-450 20 

2498.081 10 Close to boron line. 
2533-331 18 

} 2556.404 8 

2589.274 18 
2592.636 70 
2644.297 12 | Also claimed by titanium. 
2651.709 80 ossibly a single reversed line. 
2691.446 80 
2709-734 go 
2740.535 20 
754.698 go 
2794-045 15 
2829.102 15 
3039.198 1oor | 5 
3067.1 38 7 | Coincides with edge of a broad solar line. 1? 
3124.945 25s | 
3269.628 60 2 
3626.202 4n ae 
4226.724 7s Close to calcium line. 


r indicates reversed. 

s indicates sharp. 

n indicates hazy or nebulous. 
d indicates doudle. 


The germanium spectrum was obtained from argyrodite, 

which contains in addition to this element, silver, iron, mercury, 

zinc, and traces of indium, thallium and lead. The silver is very 
strong; the others weak. 
149 
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We give below a series of tables representing in detail the 
measurements made upon the argyrodite plates at our disposal, 
and from these the germanium lines given in the above list 
have been collected by a process of exclusion of the known 
substances. The tables give the results of nearly all meas- 
urements made on these plates, and contain, as will be seen, 
not only the lines of germanium and of other elements whose 
spectra are not well known, where these occur, but also the lines 
selected from the Table of Standard Wave-lengths for the 
purpose of establishing the scale and platting a correction-curve 
for each plate used. 

It was thought that the publication of these tables would be 
of use, inasmuch as they furnish direct comparisons between the 
wave-length measurements of lines due to different elements in 
the same region of the spectrum. Numerous iron lines have 
been measured on some of the plates, and these will give a 
ready means of comparison with the wave-length tables of 
Kayser and Runge, who use the iron-spectrum as their standard 
of reference. 

The second column in the tables contains the wave-lengths 
as read direct from the measuring engine. In spectra of the 
first order, these numbers are of course double the original 
readings, since the screw of the engine was made to correspond 
to the scale of second-order spectra. They are in many cases 
the means of several readings upon individual lines, or upon the 
lines and their ghosts, where these occur with sufficient distinct- 
ness to be used to advantage. The column headed “ Standard” 
contains the fractional part of the wave-lengths of standard 
lines, as taken from the Table of Standard Wave-lengths, and 
the correction-curve for the plate was platted from the weighted 
differences between these values and those obtained with the 
measuring-engine. Corrections for all the lines were then found 
from this curve, and appear in the column headed * Correction.” 
In the next column to this are given the corrected values of the 
wave-lengths, and where any line occurs on more than one plate, 
weights have been assigned, depending in general on the order 
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of the spectrum, the sharpness of the line, its distance from the 
end of the plate, and to some extent on the character of the 
correction-curve. 

ARGYRODITE. — PLATE I. 


FIRST ORDER SPECTRUM. 


| | | 

Line | | Standard |  Correctidn | Weight 
Ge | 2314.260 | +.045 2314.305 
Ge 2327.976 | +.038 2328.014 
Ge 2338 +.032 2338.732 

Al 2367.146 +.018 2367.164 
Ge 2379.220 +.014 2379.234 | 
In 2389.570 +.007 | 2389.577. | 
Ge 2394.180 +.005 | 2394.185 
Ge 2397.996 +.003 2397-999 
In? 2399.340 | | 2399-343 

Ge 2417.456 | —.006 2417.450 
Si 2435.252 -247 —.014 2435.238 
Cc 2478.680 661 | —032 | 2478.648 
B 2496.896 .867 —.038 | 2496 858 

Ge | 2498.120 —,.039 2498.081 
Si 2519.348 -297 -047 2519.301 
Ge 2533-384 .052 2533-331 
Ge 2556.464 ---,060 2556.404 

TI 2580.356 —.067 2580.289 
Ge 2589.344 .070 2589.274 
Ge 2592.708 —.072 2592.636 

Fe 2599.558 494 —.072 2599.486 
Ge-Ti 2644.380 —.083 2644.297 
Ge 2651.304 —.085 2651.219 

Ge 2651.794 -085 2651.709 
Ge 2691.536 —.090 2691.446 

Ge 2709.824 -090 2709.7 34 
Fe 2719.218 -119 —.090 2719.128 

Fe 2721.080 0.989 —.090 2720.990 { 
Fe 2723.772 .668 —.090 2723.682 
Ge 2740.624 —.089 2740.535 
Ge 2754-786 —.o88 2754.098 
Tl 2768.078 -087 2767.991 
Ge 2794.1 30 -.085 2794.045 | 
Mg 2795.700 .632 —.085 | 2795.615 | 
Mg | 2802.890 805 —.084 2802.806 | 
Ge 2829.182 —.o8o 2829.102 
Mg 2852.328 .239 —.077 2852.251 | 
Si 2881.760 -695 .074 2881.686 | I 
TI 2918 518 ~—.008 2918.450 | 
Fe 2967.098 .016 —.057 2967.041 | I 
Fe 2973-384 ~.056 297 3.328 
Si 2987.840 -766 2987.787 
Ge 3039.260 —.040 3039.220 


2 
Fe 3047-774 -720 | 3047.737 
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ARGYRODITE., — PLate II. 


SECOND ORDER SPECTRUM. 


Wave-length Wave-length 


Line Standard Correction Weight 
| 

Fe 3001.015 .070 +.052 3001.067 

Fe 3021.156 191 +.036 3021.192 

Ge 3039.173 +.023 3039.196 | 4 

Ge 3067.133 -+.005 3067.138 | 

Al 3082.276 .272 .003 3082.273 

Ti 3088.163 -137 007 3088.156 

Al 3092.8 30 824 oo8 3092.822 

Ge 3124.968 023 3124.945 

Ca 3159.030 8.994 .036 3158.994 

? 3225.968 —.054 3225.914 

Cu 3247.727 .671 .057 3247.670! 

Ge 3269.089 61 3269.628 

Cu 3274.151 .090 .061 3274.090' 

Ag 3280.880 .063 3280.817' 

Fe 3306.550 481 .065 3.306.485 

Ag | 3383-114 .070 3383.044" 3 


* These two copper lines and two silver lines are easily reversed, and appear in 
the solar spectrum, being the only ones in their respective spectra which do appear 
there. This is owing to the fact that their intensities are so enormously greater than 


those of the other lines 


ARGYRODITE. — PLateE III. 


SECOND ORDER SPECTRUM. 


Line | Standard | Correction Weight 
(uncorrected ) (corrected) | 
| 
Ag 3382.980 +.074 3383.054 I 
Fe 3440.708 +.047 3440-755 
Fe 3475-507 602 | 3475-600 
Fe 3490.698 +.027 | 3490.725 
Fe 3570.252 .253 +.003 | 3570-255 
Fe 3581-349 344 .000 3581.349 
Fe 3609.026 .006 3609.020 
Fe 3618.927 -.008 3618.919 
Ge 3626.211 .009 3626.202 
Fe 3631.621 .009 3631.612 
Fe 3648.004 7.995 .O12 3647.992 
Ti 365 3.647 .639 -—,012 3053-035 
Fe 3680.079 .064 .O14 3080.065 
Fe 3720.099 -082 | .O17 3720.082 


Fe 3737-300 280 O17 3737-283 
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ARGYRODITE, — PLaTE IV. 


SECOND ORDER SPECTRUM. 


Line | Standard | Correction | Weight 
| 
Si" 3905.688 .670 | —=.005 3905.683 
Ca(K) 3933-814 -809 3933-801 
Al 3944.180 -165 3944-165 
1? 3944-951 | 3944-936 
Al 3961.700 .680 | —.019 3961.681 
Ca(H) 3968.641 617 | 3968.620 
Fe 4046.010 5.975 | —031 4045.979 
Fe 4063.780 —033 | 4063.747 
Sr 4077.907 | .876 4077.873 
4197.288 .256 —.030 4197.258 
Sr 4215.714 | .688 —.026 4215.688 I 
Ge 4226.754 —-.023 42206.731 I 
Ca | 4226.920 898 | —,023 4226.897 I 


' This silicon line is by far the most important line of its spectrum that appears in 
the Sun. 
? Head of second series of 4216 band. 


ARGYRODITE. — PLATE V. 


SECOND ORDER SPECTRUM. 


Wave-length Wave-length |Deduced w.-l. of} 
Line Standard Correction overlapping third Weight 


(uncorrected) (corrected) | 

Sr | 215.696 | .688 | —.OIr | 4215.685 2 
Ge |  4226.737 016 | 4226.721 | 3 
Ca | 4226.902 -.016 4226.886 3 
Cr | 4254.536 .025 4254.511 
Fe 4271.960 .920 —.03I 4271.929 
Fe | 4308.112 .072 | —.044 | 4308.068 
Si | (4322.582) | (.543) | —.048 | (4322.534) | 2881.689 4 
Fe 4325.982 932 | —049 |  4325.933 | 
Fe 4383-777 721 | 4383.716 | 
Ca | 4435.196 133 .067 | 4435.129 | 
Fe | (4450.595) | (524) | —.067 | (4450.528) |  2967.019 3 
Ca | 4455.021 | 4.949 | —.068 4454.953 
Fe | (4531.201) (.139) | -.070 (4531.131) |  3020.754 
Ba 4554.274 | .212 | 070 | 4554.204 | 
Ge (4558.847) | 070 | (4558.777) | 3039.185 3 


JoHNs Hopkins UNIVERSITY, 
December 21, 1894. 


| 
| 
3 
= 
: a 
E 
* 
re 
| 


COMPARISON OF PHOTOMETRIC MAGNITUDES OF 
THE STARS. 


By EDWARD C. PICKERING. 


In the ninth volume of the publications of the Observatory at 
Potsdam the photometric magnitudes obtained at that institution 
are compared with the results of three other photometric cata- 
logues.. These are the Uranometria Oxontensis, the Harvard Photom- 
etry (Harvard Annals, Volume XIV) and the results contained in 
Volume XXIV of the Harvard Annals. From this it appears that 
the number of stars in each of these catalogues observed also at 
Potsdam is 691, 791, and 801 respectively. The number of cases 
in which the difference exceeds half a magnitude, after applying 
a correction for the systematic difference due to the color of the 
stars, is similarly 21,6, and 13 inthe three cases. As this correc- 
tion is almost exactly the same for the Oxford and Harvard cata- 
logues, it has been found convenient in the following table to apply 
the correction for color to the Potsdam magnitudes. As no com- 
parisons are made in the Potsdam volume of the magnitudes of the 
stars observed both at Oxford and Harvard, it seems worth while 
to give them below, especially as later observations of many of 
these stars have also been obtained at Harvard in the re-observa- 
tion, now nearly completed, of all the stars contained in the //ar- 
vard Photometry. 

In the following table the forty stars mentioned above, and 
enumerated in the Potsdam volume (page 500), are given on 
successive lines. The number from the Potsdam catalogue in the 
first column is followed by the magnitudes in the five catalogues 
mentioned above. They are arranged in chronological order, as 
the mean year of observation of the Harvard Annals, Volume XIV, 
is 1881, of the Uranometria Oxontensis, 1884, Harvard Annals, Vol- 
ume XXIV, 1885, Potsdam Observations, 1890, and the revision 
of the Harvard Photometry, 1893. The means and residuals of 
these magnitudes are given in the subsequent columns when a 
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OXFORD, POTSDAM. 


= 


1881 | 1884 1885 | 1890 | 1893 
Harv’d| Oxf’rd | Harv’d P’tsd’m| Rev. | Mean | Residuals 
XIV XXIV | 


10 | 3.04 | 2.47 2.77 | 3-02 2.85 | 2.83 | +.21 —.36 | —.06 | +.19 | +.02 
318 | 5.7 5.72 .. | 6.22 | 6.14 | 5.90 | —.18 | —.24 | .. | 4.26 | +.18 
332 | 2.68 | 2.44 2.93 2.93 | 2.80 | 2.76 | —.08 | —-32 | +.17 | +.17 | +.04 
638 .. | 6,06 io 4 7 oo | 
849 | 5-66 | 5.61 6.12 | 5.89 | 5.82 | —.16 | —.21 .. | +.30 | +.07 


899 | 4.40 | 4.89 4.38 4.36 | 4.13 | 4-43 | —-03 | +.46 | —.0§ | —-07 | —-30 
984 4-62 5.19 | 4-71 4.63 | 4.50 | 4.73 | —-11 +.46 | —.02 : 
990 | 5-62 | 5.45 | 0.02 5.98 | 5.91 | 5.80 | —-18 | —-35 | +.22 | +.18 | +.11 


1754 | 6.30 | 6.19 | 6.95 6.71 | 6.58 6.55 | —-25 | —.36 | +.40 | +.16 +.03 
1813 5-59 5.65 , 6.04 6.18 | 6.27 | 5.95 | —-36 | —-30 +.09 | +.23 | +-32 
1917 | 6.61 | 6.30 6.74 6.82 | 6.81 | 6.66 | —.0§ | —-36 +.08 | +.16 | +.15 
2171 oo | | 6.56 | 6.64 | 6.78 | +35 | —.14 
2610 .. | 391 .. | 473 | 4-56 | 4.40 .. | —49 .. | +.33 | +-16 


| 5.24 | §.03 | | $56 | 5-44 | 5-37 | | —-34 | T-20 +.19 | +.07 
2756 6.64 6.31 6.81 | 6.88 | 6.64 | 6.66 | —.02 35 | +15 | +.22 | —.02 
2776 «5.09 5.45 5-91 | 5-93 5.74 | 5-74 | —-05 | —-29 +.17 | +-19 |  .00 
3026 | 4-13 | 359 | 380 | 4.17 | 3.99 | 3.04! +.19 | —-35 +.23 | +.05 
5 
5 


5.18 | 4.99 | 5.50 | 5-50 | 5-25 5.28 | —.10 | —.29 +.22 | +.22 | —.03 
5.27 | 5.05 5.07 | 5-78 | 5-44 | 5-44 | —.39 | +.23 | +-34 |  .00 
3414 | 2.61 | 2.33 | 2-49 | 2-04 2.66 | 2.61 | .00 | ~ 28 | —.12 | +.33 | +.05 


HARVARD XIV, PoTSDAM. 


1737. 6.75 | 6.47 | 6.30 | 0.25 0.41 6.44 | +.31 | +-03 | —-14 | —-19 | —-03 
1813 5.59 | 5.05 | 6.04 6.18 6.27 | 5-95 | 
2044 5-71 | 5-79 | -- | 6.25 | 5-90 5.91 | —.20 | —.12 | .. | +34 | —-01 
2326 «6.45 | | 5-58 | 5-59 | 5-87 | +.58 .. | —.29 | —.28 
2918 6.01 | 6,00 .. | §.50 5.91 | 5.86 +.15 | +.-14 .. | —.36 | +.05 
3343 | 5-27 | 5.05 | 5-07 5.78 5.44 | 5-44 | 
HARVARD XXIV, PoTSDAM. 

122 5.68 5.60 5.79 5.50 5-59 5.63 | +.05 | —-03 +.16 | —.13 | —-04 
185 | 6.21 6.50 6.30 6.34 .. | | | —.04 
245 | 5.55 | 5-50 | 6.15 5.00 | §-52 5.66 | —.11 | —.10 +.49 | —.06 | —.14 
653 6.49 . | 6.62 | 6.22 | 6.81 | 0.54 | —-05 .. | +.08 | —.32 | +.27 

1698 sa .. | 6.75 | 7.02 

2395 .. | 6.48 5.98 | 5.83 0.10 .. | +.38 | —.12 | —-27 

3361 | 3.59 | 3-29 | 3.78 | 3-48 | 3-42 3.51 | +.08 | —.22 +.27 | —.03 | —.09 


Average deviations 4.15 +29 4.21 
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star appears in more than two catalogues. Stars 1813 and 3343 
appear twice in the table, and the residuals for the second entry 
are therefore omitted. Stars 122, 185, 653, 3327, and 3361 occur 
in both Tables I and IV of Volume XXIV, and the mean of the 
magnitudes is accordingly entered in the table. 

From the average deviations given in the last line the order 
of excellence of the first three catalogues appears to be the same 
as that found at Potsdam, Harvard XIV first, Harvard XX1V 
‘ second, and Ozford third. Moreover, the Potsdam observations 
are more accordant than the Oxford, and the recent Harvard 
work more accordant than any. The observations in Volume 
XIV were made with an instrument smaller and inferior to that 
used in the later Harvard work, but’as the minimum number of 
nights’ observations was three instead of two, the average devia- 
tions for Volumes XIV and XXIV do not differ greatly. It 
should be noticed that the above stars are in general the most 
discordant in the catalogues, as they include all the stars in which 
the results differ more than half a magnitude. The average devia- 
tions of the other stars would be much less. To treat the three 
catalogues, Oxford, Potsdam, and Harvard X\1V symmetrically, 
stars differing in Oxford and Harvard X1V by half a magnitude 
should also be included. On examination it appeared that there 
were only two such stars, 984 and 3026, in the part of the sky 
here under discussion, and these are already included in the above 
list among the stars differing at Potsdam and Oxford. The Har- 
vard results agree more closely with both the Potsdam and the 
Oxford measures than the latter do with one another, the number 
of differences in the three cases exceeding half a magnitude being 
6, 2, and 21 respectively. In the average deviations given below 
it might be thought that the results were affected by errors per- 
sisting in all the measures made with the meridian photometer. 
This would not be likely to occur, as two different instruments 
were used, and an interval of several years occurred between the 
second and third series, during which the instrument was dis- 
mounted and sent to South America, and a long series of measures 
made with it there. There is no evidence of such a persistence 
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in the corresponding residuals. A recomputation has, however, 
been made, taking the mean of all the meridian photometer 
observations of each star, and giving equal weights to this mean, 
to the Potsdam, and to the Oxford results. The average devia- 
tions then become, for /otsdam, .21, for Oxford, .27 and for 
Harvard, 11. The differences in the three Harvard catalogues 
separately become, for Volume XIV, .17, Volume XXIV, .21, and 
for the revision of the Harvard Photometry, .12. The differences 
in the different catalogues cannot be mainly due to progressive 
changes in light of the stars, or we should expect the first and 
last catalogues to give the largest average deviations, also that the 
extreme values would occur most frequently in these catalogues. 
A count of these extreme values shows that the number for each 
catalogue is, for Harvard XIV, 6, for Oxford, 20, for Harvard 
XXIV, 10, for Potsdam, 19, and for the revision of the Harvard 
Photometry, 5. The order is again the same as for the average 
deviations. 

The positions of 1698 and 1699 were interchanged in printing 
Volume XXIV. Their magnitudes as given in Volume XXIV 
have therefore been transposed in the above table, since the 
stars were entered correctly in the observing list, and correctly 
observed. In fact, on three of the four nights on which they 
were measured, the observer noted the position of the adjacent 
star. <A large part of the errors of Volume XXIV, such as those 
relating to B. D.4+59° 76 (A. N. 136,85) are of this class, the stars 
being correctly observed but the places incorrectly printed. 
Slight errors in the Durchmusterung, especially in declination, were 
often noticed by the observer, but even an error of a minute of 
time, as in the case of B.D.+45° 921, probably seldom led to the 
observation of another star, especially when, like 2B. D.+69° 455, 
it was near the pole. In this latter instance the error in the Durch- 
musterung of a minute of time only displaced the star 5’, or about 
one-ninth of the diameter of the field. Moreover, on both nights 
of observation the observer recognized the error by noting that the 
star had the same right ascension as B&B. D).+ 70° 497. Appar- 
ently some other star was observed by mistake for B. D.4+-5° 1934. 
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An attempt has been made throughout the Harvard work to 
eliminate systematic errors as much as possible, since if this is 
done the accidental errors can be reduced indefinitely by increas- 
ing the number of observations of each star. The accidental 
errors in either catalogue are of little importance, since they affect 
the final values by only a few hundredths of a magnitude, while 
the systematic differences amount in some cases to several tenths. 
At Harvard, when an observation was discordant, the star was 
re-observed on so many nights that the final value was generally 
only changed one or two tenths of a magnitude, whether the 
observation was retained or rejected. 

The Potsdam astronomers are in error in one respect, in sup- 
posing that the Harvard observations were made with undue 
haste. In quoting from Volume XXIII, p. 7, the statement of 
the speed attained, they have failed to quote the sentence follow- 
ing it. ‘Care was always taken that the observer should not be 
hurried in his measures, and the work was accordingly so divided 
that he generally had to wait for the recorder.’”’ A star a minute 
is not an unusual speed for observations of stars in zones with 
meridian circles, where much more accurate measures are required, 
and is never regarded as an evidence of inaccuracy. Under favor- 
able circumstances stars can be observed at this rate with the 
meridian photometer, and the results will have an average devi- 
ation of almost exactly a tenth of a magnitude. Of course, 
several minutes are often spent upon a single star when adjacent 
stars render its identification uncertain. The great number of 
measurements obtained may be assigned to two causes. First, as 
in the case of other meridian instruments, very little time is lost 
in setting upon the star and identifying it with certainty, so that 
almost the entire time of the observer is spent in the actual pho- 
tometric comparisons. Secondly, by long practice observers and 
recorders are enabled to perform the mechanical operations with 
great rapidity. The average number of stars, not including stand- 
ards, observed each evening at Potsdam was cighteen, while at 
this Observatory, when the work is not interrupted by clouds, it 


now exceeds one hundred. To fairly compare the two methods 
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the error of the mean of five or six observations made here should 
therefore be compared with that of a single observation at Pots- 
dam. At Oxford ten stars were generally observed each night, 
four sets of measures being made of each star. The above dis- 
cussion with that given elsewhere shows that the work done with 
the meridian photometer compares favorably with that obtained 
by other methods, both as regards speed and accuracy. 


HARVARD COLLEGE OBSERVATORY. 
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THE SPECTRUM OF 6 CEPHEI: 


By A. BELOPOLSKY. 


SincE August 3 I have been able to secure thirty-four spectro- 
grams of this star. As my observations were interrupted on Sep- 
tember 12, and may not be resumed for some time, I will give the 
results here, although they are to be regarded as only provisional. 

The star belongs to type Ia, like a Bootis. 

The prism was adjusted to minimum deviation for A 4410, and 
the displacements relatively to A 4410.5 and 4 4405 were measured 
by Vogel’s first method. The velocities, reduced to the Sun, are 
as follows (two spectrograms were obtained on each evening) : 


1894 Kilometers || 1894 | | Kilometers 
I Aug. 3 | — 32 ro? | Aug.17 + 
2 23 Ir | 10 39 
3 4 12 | 10 25 
4 | t § 13 | Sept. 1 9 6 
5 | II 30 “ 3 9 36 
6? 9 | I0 22 | 5 9 22 
| 18 16 | 6 9 9 
8 24 17 | 7 9 5 
9 = II 4 18 | - 9 13 


The epochs of the minima were, according to the Annuaire 
du Bureau des Longitudes, July 31, 16", Pulkowa mean time, Aug. 
6,15, Aug. 11, 10", Aug. 16, 19, Aug. 22, 3", Aug. 27, 125, Sept. 
5, 21°, Sept. 7, 6°. 

With the velocities obtained I drew the curve of velocity (see 
R. Lehmann-Filhés, A. 3242), and obtained for a 
the value — 18*".4, minus the velocity of the system. ; 

The following quantities are then obtained : 


Z, = 21.7; A 
Z, = — 58.7, B= 20", 


* Translated from A. W., 3257. German geographic miles im the original have 
been changed to kilometers. 
? One spectrogram. 
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from which = 
= 372°.3, 
¢ = 0.46, 
T = + 1°.07, reckoned from the epoch 
of the light minimum, @ sin 7 = 1,300,000%", 
U = (assumed). 

To what extent these elements correspond with the observa- 
tions, and how the velocity curve fulfils the necessary conditions, 
may be seen in the table which follows. The observed velocities 
were freed from the velocity of the system and arranged accord- 
ing to the argument of the latitude. 


Observed 
No. u | Velocity | Curve 
II 42°.3 1gk™ | 16 — 16 
5 48 13. 15 — 54 
I 63 .3 14 — it —10 
8 71 .3 6 - 8 - 9 
12 78 .7 6 5 4 
6 81.30 3 4 
15 84 .9 3 4 — 2 
2 92.9 | 4 | 
18 102.5 | 5 + 4 + 4 
16 113.5 | 10 8 + 8 
3 123 .3 14 II +11 
13 126 .3 14 12 + 13 
9 132 .7 5 13 +14 
17 154 .7 13 19 + 19 
4 24 21 + 21 
10 201 .7 20 20 —~19 
7 265 .9 3 2 + 1 
14 344 1 18 19 20 
= 
2 


The sign of the velocity is given according to the usual con- 
vention. 

It is to be noted that the epoch of minimum brightness occurs 
a day earlier than the time of perihelion passage, at least accord- 
ing to the ephemeris which was used. Whether these two ele- 
ments can be brought into accordance is a question for the future. 

PULKOWA, 
September, 1894. 


j 
| 
: 
4 
A-—-B 
2 
‘ 
4 


MINOR CONTRIBUTIONS AND NOTES. 


SPECTRO-BOLOGRAPHIC INVESTIGATIONS AT THE SMITH- 
SONIAN ASTROPHYSICAL OBSERVATORY. 


THE bolometric researches described and illustrated by Professor 
S. P. Langley’ at the Oxford meeting of the British Association are so 
important as to call for more than passing comment in THE AstTrRo- 
PHYSICAL JOURNAL. Some of the results obtained by the use of auto- 
matic methods of registering the indications of the bolometer are 
illustrated in Plate IX. 

The infra-red region of the spectrum has been the subject of many 
investigations since the early work of Sir John Herschel in 1840. His 
method of causing the solar spectrum to fall upon paper moistened 
with alcohol, and noting the rapidity with which the paper dried in 
various regions, was quite good enough to reveal to him the existence 
of cold bands in the spectrum (Fig. 1, a). Later observers obtained 
results of great importance with the thermometer and thermopile, and 
with phosphorescent and photographic plates. Lamanski’s curve, 
representing the distribution of energy in the infra-red solar spectrum, 
as determined in 1871 by his observations with a thermopile, is illus- 
trated in Fig. 1, b. The limitations of the method, due to the large 
surface and comparative insensitiveness of the thermopile, render the 
results crude as compared with those obtained later with the bolometer, 
but a distinct step in advance had been taken. The younger Becquerel’s 
results, and particularly the fine map of the upper infra-red due to 
Lommel, seem to indicate that the phosphorescent plate method is of 
very great value. It can hardly be doubted that it is capable of still 
further improvement. 

But while the phosphorographs of Lommel and the photographs of 
Higgs are admirable in the upper infra-red, it is to the bolometer that 
we must look for a knowledge of the region lying beyond. The inves- 
tigations of Langley, Rubens, Snow and Paschen have made the 
bolometer a convenient and thoroughly practical instrument. Since 
the work of Langley at the Allegheny Observatory the improvement 


*™“(On Recent Researches in the Infra-red Spectrum,” by S, P. Langley. 
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BOLOGRAPHS OF THE INFRA-RED SOLAR SPECTRUM 


Made at the Smithsonian Astrophysical Observatory 
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and increased sensitiveness of the apparatus has not been so evident 
in the bolometer itself, though it is true that this has undergone cer 
tain modifications for the better. But it is to improvement of the 
galvanometer that most attention has been directed. The immediate 
result has been most marked, as is indicated by the following table,’ 
which shows the advances made in this direction at the Smithsonian 
Astrophysical Observatory in a single year. 


| New constant 


Galvanometer | Description Old constant 2 (after improve- 
ment) 
D’Arsonval........ | 000000010000 | .00000002000 
White (old) Allegheny pattern..| Thomson ......... | ©.00000000150 .00000000070 
Elliott Bros. special design (new)) Thomson .........) | .00000000004 
Nalder Bros. special design (new)| Thomson (multiple)3) ........ .... | .00000000002 
Nalder Bros. special design (new)| D’Arsonval........ Not finished 


So high a degree of delicacy has thus been reached that at the pres- 
ent time the conditions of use at the Observatory are such as to render 
only about one-tenth of this increased delicacy available.‘ 

Fig. 1, c, shows the distribution of energy in the spectrum of a 60° 
prism of rock-salt, as determined by Professor Langley in his work at 
the Allegheny Observatory with a bolometer used in the ordinary way. 
Independent galvanometer deflections were measured with the bolom- 
eter strip set in various parts of the spectrum, and from the readings 
thus obtained the curve was plotted. The bolometer used was of such 
a degree of sensitiveness that it would indicate a change of temperature 
of ;yovoo Of a degree centigrade, and with it the error in determining 
the position of a line was within a minute of arc. The presence in the 
spectrum of the D line of sodium as a sévg/e line could barely be detected 
with this apparatus. The method employed made the work necessarily 
very slow, and so many independent observations of each line were called 
for that the positions of only twenty lines were recorded in two years. 
The recent work of Snow shows a marked improvement in this respect. 

In the method now employed at the Smithsonian Astrophysical 


'From the Annual Report of S. P. Langley, Secretary of the Smithsonian Institu- 
tion, 1894. 

2Current which deflects image one millimeter at distance of I meter, when the 
time of a single vibration is 10 seconds. 

3 Partially finished. 


4The methods by which these results were obtained are described by Professor F. 
L. O. Wadsworth in the Piilosophical Magazine for November and December, 1894. 


| 4 
ies 
| 
| 
| 
oe 


164 MINOR CONTRIBUTIONS AND NOTES 


Observatory the time required to map a given region of the spectrum 
has been reduced to a minimum by a very ingenious contrivance. A 
“fixed-arm” spectro-bolometer is employed in connection with a 


large Foucault siderostat. All of the prisms and objectives are of 


J. INFRARED SPECTRUM 
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The azimuthal circle which carries the prism is in 


rock-salt. 
mechanical connection with a distant photographic plate, and 
both are moved by the same clockwork. 
certain cases) is such that the plate is carried down vertically 
one centimeter while the circle and prism revolve through one 
minute of arc. It is obvious that the spot of light reflected from 


The arrangement (in 


De 
- — 


MINOR CONTRIBUTIONS AND NOTES 165 


the galvanometer mirror on to the photographic plate will under these 
conditions trace a curve representing the variations in temperature of 
the bolometer strip. As the bolometer is placed at the end of a very 
long arm its angular width can be made quite small, and its position in 
the spectrum at any given time 
can be determined with a con- 
siderable degree of accuracy. 
Fig. 3, Plate IX, is a photo- 
graphic reproduction of three 
curves representing the entire 
region investigated. ‘They were 
all made on the same day, and 
except for the variation in the 
Sun’s altitude, and the interposi- 
tion of invisible clouds, they 
should show no differences other 
| than those due to accidental dis- 
| S| turbances of the apparatus. They 
are, in fact, quite concordant, and 
; they clearly show that the auto- 
matic registration method has 
certain important and well-de- 


fined advantages. 

These three curves were pur- 
4 posely made with a rapid move- 
| ment of the clockwork and brief 
«swing of the galvanometer, and 


DD they do not represent all of the 
lines within reach of the bolom- 
eter. Under conditions of the 

siti highest delicacy both D, and D,, 


as well as the nickel line between them, can be recorded, as Fig. 2 
illustrates. 

The process employed in making the linear representations of the 
curves has not been described in its details, but it is easy to see how it 
could be carried out by the use of a suitable cylindrical lens com- 
bined with spherical lenses. For almost all scientific purposes the 
curves themselves would be of more interest and value than their 
linear representations. It may be doubted whether the composite 
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process of forming a single linear representation of a number of these 
curves would dispose of all accidental lines. It is probable that some 
of the accidental irregularities in the spectrum curve would appear as 
lines in the spectrum, and some false lines might be introduced from 
other sources. ‘Thus the portion of the spectrum shown in Fig. 5, 
Plate IX, may contain a considerable number of lines not really 
present in the solar spectrum. In widening photographs of stellar 
spectra with a cylindrical lens many lines due to dust and irregu- 
larities in the film frequently appear in the enlargements, and it 
could hardly be expected that these could be altogether avoided in 
bolographs. 

In spite of the great interest and value of the bolographic method, 
it is hardly probable that it will altogether take the place of the ordi- 
nary process of uncovering the slit, and observing the galvanometer 
deflection. The latter method is much slower, but for detailed study 
of spectral lines it is in some respects superior, particularly as regards 
delicacy. For, unless the motion of the spectrum over the bolometer 
is very slow, the galvanometer needle will hardly have time to reach 
the full deflection. Again, the positions of lines can probably be 
determined rather more accurately by the ordinary method, on account 
of the inertia of the galvanometer needle and the unavoidable lost 
motion in the train of gearing connecting the azimuthal circle with 
the photographic plate. But for much work the ingenious automatic 
method has many advantages over the older and slower plan, and it 
will surely be a valuable acquisition to astrophysics. G. E. H. 


DEVICE FOR PUTTING WAVE-LENGTHS ON SPECTRUM 
PLATES. 

Alongside photographs of spectra, a scale of wave-lengths in 
Angstrém units is usually given. For the purpose of engraving 
numerals on this scale, the following apparatus has been designed and 
found effective. 

The two essential features are the hot stylus, Fig. 1, for ploughing 
a furrow in the gelatine film, and the pantograph, Fig. 2, which guides 
the stylus. ‘The stylus is a steel needle, 4, soldered into the end of a 
rod, B, which is supported by guides at £, permitting it a slight ver- 
tical motion. A small platinum wire, C, has one end wound about 
A near the point, and the other soldered to an insulated wire, D, 
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through which an electric current of about two amperes is introduced, 
heating C nearly to redness, and evolving considerable heat at the 
junction of A and C When the point of the stylus, 4, is lowered 
upon the film of a gelatine plate, the heat is sufficient to soften the film 
in the immediate neighborhood of the point, so that the stylus can 
mould it with ease. A sharp point and thin films are used, so that 
the ridges on each side of the furrow will be small. 

The pantograph is a frame of rigid square brass tubes, connected 
by vertical hinges at #, G, H, 7. In the arm /A, and perpendicular 
to it, there is introduced a horizontal hinge permitting a vertical motion 
to the index at A. The vertical axis of the hinge, G, is rigidly sup- 


FE, 

G 

FIG. 1 Fic. 2 


ported by means of a microscope stand at the side of a dividing 
engine, thus supporting the G, system in a_ horizontal 
plane. When the index, A, traces any curve in the horizontal plane, 
the stylus at & traces a similar curve, inverted and on a smaller scale, 
the ratio being GF: G/. 

The plate to be marked is placed longitudinally on the table of the 
dividing engine; the marking apparatus is lowered by means of the 
microscope stand until the stylus nearly touches the film ; the electric 
current is turned on by means of a key closed by the operator’s knee ; 
the stylus is lowered upon the film by a simple device with the left hand ; 
after which the operator with his right hand guides the index, A, over 
the copy, which has been already adjusted to the proper position on a 
subsidiary leaf attached to the dividing engine. With very little 
practice an operator can put from roo to 150 characters on a plate per 
hour. OLIN H. BasQuin. 


NORTHWESTERN UNIVERSITY, 
December, 1894. 
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ARTHUR COWPER RANYARD. 


Ir is with deep regret that we record the death of Mr. A. C. Ran- 
yard, which occurred at his home in London on December 14, 1894. 

Arthur Cowper Ranyard was born in 1845. In his early life he 
was much influenced by De Morgan, from whom he received part of 
his mathematical training. In 1868 he took his degree at Cambridge, 
and three years later he was called to the Bar at Lincoln’s Inn, 
where he continued to practice his profession until shortly before his 
death. 

But while busied with his legal duties, he found time for much 
work in mathematics and astronomy. From the time of his election as 
a Fellow of the Royal Astronomical Society in his eighteenth year 
until the beginning of his last illness, he was one of its most active and 
faithful members. As Honorary Secretary from 1874 to 1880, and as 
a member of the Council for twenty years, he contributed as few men 
have done to make the influence of the Society what it is to-day. The 
London Mathematical Society was established partly through his efforts, 
and he served it also as an Honorary Secretary. 

His contributions to astrophysics have been numerous and valu- 
able. Few of the Memoirs of the Royal Astronomical Society are so 
frequently consulted as Volume XLI, in which he brought together 
the observations of total eclipses of the Sun up to 1875. ‘This is an 
invaluable work to solar physicists. 

After Mr. Proctor’s death he undertook to complete the unfinished 
volume of the O/d and New Astronomy and to edit Anowledge. In 
the former the chapters added by Mr. Ranyard are the most valuable 
portions of the book. Avnow/edge, too, was much improved under his 
editorship, and by his plan of publishing photogravure reproductions 
of the best astronomical photographs, students were for the first time 
enabled to obtain these valuable records. The broad and generous 
nature of the man is shown by the way in which he sacrificed personal 
interests, and devoted himself to the task of carrying to completion the 
work of another. His association in editing De Morgan’s ew/on isa 
further example of the same spirit. 

His papers dealt with a wide range of subjects. Solar phenomena 
particularly attracted him, and he brought forward much evidence to 
show that prominences are projected into a resisting medium, and that 


a true solar “atmosphere” does not exist. He contended that the gases 
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surrounding the Sun show no such increase in density near the photo- 
sphere as they would if the lower layers supported those above them. 
In the forms of certain nebule he detected remarkable analogies with 
those of solar prominences. ‘The dark areas on long-exposure photo- 
graphs of the Milky Way and other parts of the sky he considered to 
be’masses of absorbing gas between us and the brighter nebule. He 
devoted much study to the question of the structure of the universe ; his 
treatment of this subject may be found in the Old and New Astronomy. 

As an investigator he did much good work, especially at the solar 
eclipses of 1870, 1878 and 1882. His very active life left him so little 
opportunity for research that just before his death he was planning to 
establish a large observatory, and to devote his entire time to astro- 
physical investigation. The spectroheliograph which had been used in 
the recent attempts to photograph the corona at the Observatory on 
Mount Etna was to be attached to his reflecting telescope for work on 
the Sun, and a large reflector of novel and ingenious design was to 
be devoted to stellar spectroscopy. But his death occurred while the 
details of these plans were under consideration. 

In his many-sided life his kindly nature and wide sympathies 
brought him many warm friends. They will keenly feel his loss. 

G. E. H. 


THE DESIGN OF ELECTRIC MOTORS FOR CONSTANT 
SPEED. 

In the last April number of Astronomy and Astro-Physics, in a paper 
entitled “‘ Electric Controls and Governors for Astronomical Instru- 
ments,”’ the author advocated the replacement, whenever possible in 
laboratory practice," of the ordinary driving clock of telescopes or 
chronographs by a properly constructed electric motor. Since this 
article was written a good deal of criticism has been directed, partic- 
ularly by astronomers, against the use of motors for such purposes, 
on the ground that they could not be depended upon to maintain the 
requisite constancy of speed. ‘These criticisms have been in the main 
unfair in this, that the performance of the best modern driving clocks 
has been compared with the performance of simply an ordinary com- 
mercial motor, greatly, of course, to the advantage of the former. 


"By “whenever possible’ is meant whenever the introduction of electric or mag- 
netic circuits will not be prejudicial to the performance of other apparatus which has 


to be used in connection with, or in proximity to, the source of motive power. 
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The comparison would have been more fair if the governor of the 
driving clock had been entirely removed and an ordinary friction 
brake applied to the driving shaft instead, or the driving weights 
reduced in amount until they would just suffice to overcome the friction 
of the clock and connected mechanism, and therefore drive the latter 
at an approximately uniform rate. Under these conditions, which 
would correspond very closely to the conditions under which an ordi- 
nary commercial motor would work when connected to the same 
mechanism in place of the clock, there is little doubt that the motor 
would soon prove its superiority. Why then should it not be equally 
superior when compared with the governed driving clock, provided it 
also be provided with an equally efficient means of self-regulation ? In 
theory it is possible to automatically regulate the speed of an electric- 
ally driven prime mover with much greater exactness than can be 
obtained with any form of intermittently acting centrifugal governor, 
such as are customarily used, even on the best modern chronographs ; 
for the action of the latter is radically wrong, and can only result in an 
average rate of speed in the driven mechanism. An inertia governor 
of the Siemens form would be far better in principle, but it is unfortu- 
nately rather complicated and liable, because of its excessive sensitive- 
ness, to get out of order. A much simpler and almost equally efficient 
governor is the form of inertia governor which was illustrated and 
described in the paper referred to.’ But no matter what form of 
governor is adopted, the usual method of governing is to supply an 
excess of power, which is absorbed by the governor itself to a greater 
or less degree as the load changes; whereas the correct method is that 
which is adopted in the governor designed by Professor Keeler for the 
driving clock of the Lick telescope, which is itself a simple form of 
electric motor, and supplies a small amount of additional power as the 
load increases and the rate of the clock tends to diminish.’ 

It is but a single logical step to the substitution for this small 
governing electric motor (for it is nothing else) of one large enough to 
supply all the power needed to drive the telescope, chronograph drum, 

"A. and A. 13, 265, April, 1894. The general subject of governors, particularly 
in their application to the steam engine, has recently been ably discussed by Mr. 
Conant, of the Westinghouse Co., in the Angineering Magazine for October, 1894. 
In this article Mr. Conant calls particular attention to the great advantages of the 
inertia principle, and illustrates a design of shaft governor which is, in all its general 


features, the same as that described by me in the above article. 
Be 
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or whatever other piece of apparatus is to be kept in motion, and so 
designed that the power is supplied by it in just the amount required 
to preserve a uniform speed under all conditions ; in other words, the 
motor itself is made at once the source of power and the governor for 
constant speed. I have already indicated the conditions which should 
be fulfilled in order to secure this self-governing action. These are, 
of course, perfectly well understood by electrical engineers and involve 
no novel points in design, but, in view of the discussion which has 
been raised in regard to the general question of constancy of speed, it 
may be well to re-state them more in detail, and point out the sources 
of variation which they severally and conjointly overcome. 

Given a perfectly constant E. M. F. of the source of electrical energy 
and a steady load, or more generally a constant resistance to be over- 
come (whether that resistance be the work required to drive the appara- 
tus-or that required simply to overcome friction, mechanical or mag- 
netic), avy motor which is wed/ designed mechanically will, in a very short 
timg, settle down to a perfectly constant speed, which will be nearly 
independent of the temperature of the surroundings. These conditions 
are never met with in practice, for in general there is a constant fluctua- 
tion both in the E. M. F. at the terminals of the motor and in the 
resistance to be overcome. ‘These two causes of variation will now be 
considered separately. 

Variation in the load. This is the only or at least the most serious 
cause of variation under the conditions of commercial practice, and a 
motor is therefore usually designed with a view of compensating for it 
alone. Almost perfect compensation may be obtained in several ways,' 
but the two simplest, as well as most efficient, methods that have so far 
been proposed are: first, the method of compound winding, which was 
invented almost simultaneously by Aryton and Perry in England,’ by 
Deprez in France,’ and by Sprague in America,‘ and which has been 
exhaustively tested by Dr. Frélich ;° and, second, the method proposed 


‘For a general résumé of the various methods of regulation see paper by F. B. 
Crocker in the Electrical World. 

7 ARYTON and PERRY: “Electro Motors and their Government,” Journal of the 
Soc. of Tel. Eng. and Elec. 12, 305. 

> Regulation de la vitesse du moteur electrique, Comp. Rend. 100, 1128-1162; 
108, 645. 

4 Elec. World, October, 1886. 

5 Electrotechnische Zeit. Jane, 1885; see also paper by Professor Riicker, PAd/. 


Mag. of same date. 
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by Mr. Mordey,’ which is simply to construct a shunt motor upon as 
perfect designs as possible, vzz., to make the resistance of the armature 
very small, the resistance of the shunt very large, the field of the motor 
very powerful and that of armature very weak, and, finally, to properly 
laminate and proportion both armature and field magnets so as to 
reduce eddy currents and self-induction to a minimum. The self- 
regulating power of a motor so constructed, even under very great 
changes of load, is most remarkable. A 10 H.-P. motor (Victoria), 
designed and tested by Mr. Mordey, varied less than 1 per cent. in 
speed when the load was changed from 1 to 10 H.-P., or rooo per 
cent. A change of 100 per cent. in load, which is far greater than 
would ever occur in cases such as we are considering, would therefore 
change the speed by less than o.1 of 1 per cent., and a change of 10 
per cent. in load by less than 0.01 of 1 per cent.; a much closer regula- 
tion than is accomplished by even the best driving clocks under the 
same conditions. If, then, the source of electromotive force is con- 
stant, as will be the case if the current is furnished from electric light 
mains or from a good dynamo in the laboratory or observatory, a 
motor designed on the above lines will run, under the usual laboratory 
conditions of use, at what is practically a perfectly constant speed. 

But usually the source of current is a storage battery, which, even 
when properly handled, is subject to slight fluctuations of electro- 
motive force (which, however, ought not to amount to more than a few 
per cent.? when the discharge rate is moderate). For this reason we 

' Phil, Mag. January, 1886. 

? When the cells are carefully charged and handled the electromotive force will 
remain almost absolutely constant on closed circuit, if the discharge rate is small, for 
many hours or even days if the capacity of the battery is great enough. In one case 
which I have in mind, in which a battery of four small cells in series was used to 
maintain a constant current through a circuit of wire resistance coils, | found that the 
current, as read by means of a Weston ammeter, could be depended upon to remain 
constant to within I per cent. of its initiai value for two or three days; in one case it 
remained constant to this degree for over a week. To attain such a result it is neces- 
sary: first, that the cells be carefully attended to and charged at a rate never exceeding 
that given by the makers as a maximum rate, and: second, that the discharge rate 
should not exceed 4 the maximum discharge rate. The difficulty which is experienced 
in many cases with storage batteries is due simply to the fact that they are accorded 
treatment which no good engineer would ever think of giving to a dynamo or engine under 
his care. They are expected to take care of themselves, and perform admirably under 
all conditions of usage, and jf they fail to do so the maker of the battery gets the 


blame, or the storage battery itself is condemned as an “unsatisfactory and unreliable 


thing, anyhow.” 
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must design the motor so that it will also be self-regulating for slight 
changes in E. M. F. at its terminals. This problem has been less con- 
sidered in the design of motors than the preceding one, but it is how- 
ever capable of just as satisfactory a solution; in fact, the first method 
of compensating for changes of load by means of a compound winding 
on the field compensates also for small changes in electromotive force 
at the terminals of the machine. 

To show this let 7, be the number of turns per second, JV, the num- 
ber of lines of force, e, the electromotive force at the terminals of the 
motor, /, the back electromotive force, z, and z,, the current through the 
armature and shunt field respectively, ~,, 7, and 7,,, the resistances of the 
armature, shunt field, and series field, and S, and S, the number of 
windings on these two fields respectively, then the speed of the motor 
! is given by the equation 
(1)" 
Co Sata 
where C is a constant depending only on the construction of the 
armature, and ga quantity depending on the permeability of the mag- 
netic circuit; but ¢, and therefore 7,, which is equal to e+vr,, will vary 
with the source of supply. 

Substituting for ¢ its value in terms of 7, and 7, and dividing by 
the coefficients of ¢, in both numerator and denominator, we obtain 


{ > 
i,—#, 
| 
GS, (2) 


Since all the quantities in this expression are constant except 7, 7, 
and g, and since this latter quantity may be made constant under con- 
ditions presently to be discussed, it follows that under these conditions 
n will be constant for all values of 7, and 2, if only ° 


or when the ratio of the number of shunt to the number of series 
windings is the same as the ratio of the resistance of the shunt to the 
resistance of the armature and series coil together, which is the usual 


rule for compounding to compensate for changes of load; but which, as 


q ‘See Thompson. Dynamo Electric Machinery, p. 601. 
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we have just seen, compensates also for changes in electromotive force at 
the terminals. 
In order that the regulation may be perfect we must, as already 
stated, also satisfy the condition g=constant. But 
0.47 
pA, 
where /,,, /,, /and A,,, 4,, A depend simply on the dimensions of the 
magnetic circuit, and are therefore constant, and only pw, and p,, the 
magnetic permeability of the iron in the field magnet and the armature 
respectively, vary. g is therefore constant when pw, and ym, are constant ; 
in other words, when the induction through the field and the armature 
has either a very low value, not exceeding 3000 to 4000 cgs. (lines per 
sq. cm.) for annealed wrought iron, or else a very high value, not less 
than 19,000 to 20,000, for the same material. ‘The first condition is 
the best to adopt, for a number of reasons, among which are higher 
efficiency and, in fact, better regulation, because there is less magnetic 
leakage, and relation (4) is more nearly fulfilled for different values of 
z,and7,. In fact, if the magnetic density is low, the first method of 
regulation for constant speed under varying load will also give a fair 
although not a perfect regulation for varying electromotive force. For 
in this case we have : 
“="CN (5) 
since 7, is very small and 7, is also small if the motor is running in 
light load. If we adopt Frélich’s formula for the magnetic circuit 
(which will be nearly true if the field density is low), we have for a 
shunt motor 


m 


(6) 


where JV,, is the maximum number of lines which can be forced through 
the circuit, and ¢’ is the diacritical difference of potential; 7. ¢., the 
difference of potential which when applied to the terminals of the 
shunt coil will force through the magnetic circuit a number of lines 
equal to 
Substituting this value of WV in (5) we find 

é 


Hence if ¢ is small compared to e¢’, z.¢., if the density of field under 
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normal working conditions is very low, 7 will be nearly constant, even 
for considerable changes in ¢. ‘The regulation, however, in this case is 
not as perfect as that for changes of load, and it is therefore better in 
all cases where great constancy is desired to revert to the compound 
winding, retaining, however, the principal features of construction 
characteristic of the Mordey method, ¢ ¢., a very low resistance of the 
armature (and also of the series field coil), and a very high resistance 
of the shunt coil; because, under these conditions, the nuimber of 
turns in the series field coil becomes very small (see equation (3) ), and 
the efficiency of the motor correspondingly higher. The other essen- 
tial feature of the design is, as already pointed out, a field magnet very 
large and strong in comparison with the armature, but having very low 
density of magnetization. 

The pole pieces should therefore have a less cross-sectional area 
than the cores, instead of a greater, as is usually the case, and the 
resistance of the air-gap should be made very small by adopting the 
Wenstrém or covered Pacinotti type of armature. The latter should 
also be finely laminated, very carefully balanced and provided with a 
heavy fly-wheel. 

These conditions and essential features of design for a constant 
speed motor were all clearly stated in the previous article, but without 
any explanation of their relative importance, or of the way in which 
they would bring about the desired result. I hope that the preceding 
rather extended discussion will show that it is perfectly possible and 
practicable to construct motors which will run at a speed constant to 
certainly within o.1 per cent., and probably less, under ordinary con 
dition of use, without the intervention of any special governor. Such 
motors will, it is true, be more expensive than the ordinary commer- 
cial ones, and they will be very heavy as compared to their output, 
but they will, on the other hand, have a very high efficiency, both 
electrical and mechanical. Any of the leading manufacturers of elec- 
tric motors would, I am sure, be ready to furnish motors built on 
these lines which they would guarantee to run to within o.1 per cent. 
variation in speed under any reasonable fluctuations of load or of E. 
M. F. at the terminals of the machine. 

It is hardly necessary to discuss in detail the many advantages 
which electric motors have over gravity-driven clocks. Perhaps the 
inost important are, 1st, the perfect control which the observer always 
has over the speed within wide limits of variation; 2d, the ease with 
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which they may be applied directly at the point where the motion is to 
be effected, thus rendering unnecessary any long mechanical connec- 
tions; and, 3d, the perfect synchronism with which two motors may, 
when necessary, be driven with respect to each other. ‘To effect this 
last result, however, we must use either an automatic governor for each 
motor, or else two similar alternating current motors, driven from a 
common generator. These methods will now be considered very briefly. 

Governors. As we have already stated, we may attain as great 
constancy of rotation as is usually desired with a properly designed 
electric motor, w¢hout the use of any special regulator or governor. 
But this is not all. We may, by proper means, control the speed of 
rotation so as to make it absolutely synchronous with the beats of a 
tuning fork, which becomes thus a governor of the motor. 

This can be done by making the fork break the current through 
the armature as many times in each revolution as there are poies to 
the field magnet. ‘This method, as it was originally proposed and 
used by Deprez* and later by Rayleigh, in his determination of the 
ohm, is only applicable to very small motors, because only a small 
current can be thus interrupted. But it is evident that we do not need 
to interrupt the entire current through the armature, any more than in 
an ordinary driving clock we need to arrest the entire falling weight 
at every revolution of the governor. We need only interrupt a current 
through a very small auxiliary armature, which is attached to and 
revolves with the large armature which furnishes the main portion of 
the power; or more simply still, interrupt the current through an 
auxiliary winding consisting of a few turns of fine wire disposed side 
by side with the main armature winding, but connected with a separate 
commutator. This is, as I stated in my previous paper, substantially 
the plan which I proposed in 1891 for driving a revolving mirror in 
synchronism with a tuning fork. ‘The experiments which were beyun 
at that time were interrupted by my departure from Clark University, 
and I have never since had an opportunity to resume them. 

The method has, however, been independently developed by Pro- 
fessor Webster, of that University, who has obtained highly satisfactory 
results. ‘Trials of an experimental machine have shown a regulation 
with an accuracy of one part in ten thousand, and the transmission of 
one-third of a horse-power has been so governed. It is to be hoped that 


‘In the former paper I credited this method to Lord Rayleigh, but I have since 


found that it had been previously suggested by Deprez in 1878. See Deprez. 
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the machine, which is to be at once constructed, will furnish still better 
results.’ Thomson and Tait, in their treatise on Natural Philosophy, 
suggest, as an ultimate standard of accurate chronometry, “a metallic 
spring, hermetically sealed in an exhausted glass vessel,” and state that 
“the time of vibration of such a spring would necessarily be more 
constant from day to day than that of the balance spring of the 
best possible chronometer, disturbed as this is by the train of mechan- 
ism with which it is connected.” If this be so then it is possible, by 
using such a spring as a governor of an electric motor in the way just 
described, to secure a more uniform velocity of rotation than is pos- 
sible by any other means. 

The use of a tuning fork or vibrating spring as a governor for the 
motor makes it easy to drive two motors in perfect synchronism with 
each other without any connecting circuit between them, by simply 
using two forks which have been tuned to the same pitch. But if syn- 
chronism of rotation alone is desired, without reference to uniformity 
of rotation, a simpler solution of the problem is found in the use of 
two alternating current synchronous motors driven from the same 
dynamo. The use of alternating current motors instead of direct 
current ones has the further advantage that there is a positive electrical 
gearing, so to speak, between the motor and the driving alternator, 
and the ratio between their speeds is simply the ratio between the 
number of poles on the field magnet of the alternator to the number 
on the field magnet of the motor. If, then, we have a single alterna- 
tor driven at a constant speed (by a self-regulating, continuous current 
motor governed by a fork as above described, for example), we can, 
from it, drive any number of motors also at a constant speed, which 
speed will be any multiple or sub-multiple of the speed of the gener- 
ating alternator. Further, any two of the motors so driven will bear 
a constant phase relationship to each other, which will be in general 
unknown, but which may be varied to any degree at will by rotating 
the field magnet frame of one of the motors; the resulting change of 
phase being simply the angle through which the field has been rotated. 
This makes it possible to attack, experimentally, certain problems of 
considerable interest in terrestrial physics, of which, heretofore, no direct 
inethod of solution has been offered. F. L. O. Wapswortn. 
UNIVERSITY OF CHICAGO, 

January, 1895. 
‘From a Report of the President and Departments of Clark University for 1893. 
See also Electrical World, 22, 181, Sept. 2d, 1893. 
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Schmidt's Theory of the Sun.—\n the present number is printed, as 
a clear explanation of an ingenious solar theory which has recently 
received some consideration, an article by Mr. Wilczynski on Schmidt’s 
theory of the Sun. According to this theory, the sharpness of the 
Sun’s lib, and the enormous change of brightness at that place, are 
not caused by correspondingly abrupt changes in the constitution, 
density, or light-radiating power of the solar matter, but are the result 
of refraction in a non-homogeneous medium. ‘The well-known “ fish- 
eye”’ problem of Maxwell deals with conditions of the same kind, and 
in general the phenomena of refraction in anon-homogeneous medium 
are very complicated and remarkable. Thus the Sun, according to 
the theory, although sharply bounded as seen by the eye, is in reality 
a gaseous ball, whose density diminishes indefinitely and without any 
sudden transitions, with increasing distance from the center. In other 
words, the photosphere is an optical and not a material surface. 

The gaseous sphere considered by Mr. Wilczynski is a purely ideal 
one, and additional interest would have been given to his paper if it 
had been shown that the required conditions are perhaps fulfilled in 
some of the heavenly bodies. Various assumptions as to mass, temper- 
ature, etc., are here necessary, which it is usually impossible to verify, 
but Dr. Knopf has shown in his paper on this subject in A. iV. 3199, 
that the conditions in the case of the Sun are well within the bounds of 
probability. Even in the case of Jupiter, circular refraction would occur 
if the atmosphere were only a fraction as dense as that of the Earth. 

But however difficult it may be for present theories to account for 
the tenuity of the solar atmosphere immediately above the photosphere, 
and however readily the same fact may be accounted for by the theory 
of Schmidt, it is certain that the observer who has studied the structure 
of the Sun’s surface, and particularly the aspect of the spots and other 
markings as they approach the limb, must feel convinced that these 
forms actually occur at practically the same level, that is, that the 
photosphere is an actual and not an optical surface. Hence it is, no 
doubt, that the theory is apt to be more favorably regarded by mathe- 
maticians than by observers. 

In its application to details, so far as this has been attempted, the 
theory is not very satisfactory. Schmidt’s explanation of the promi- 
nences as a result of irregular refraction is rejected even by those who 
regard the general theory as a plausible one. Little better than this is 
Mr. Wilczynski’s suggestion that the hydrogen and calcium forms of a 
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prominence, which are so nearly identical as seen in the C and K lines, 
really occur at different levels, and are superposed by the effect of the 
peculiar refraction. In that case the hydrogen prominence would 
not even fall in the same vertical line with the calcium prominence 
which caused it. Here again, the observer is convinced that he is not 
dealing with an optical effect, but that the gaseous forms which he sees 


actually occupy the same part of space. 
J. E. K. 
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PUBLICATIONS OF THE LICK OBSERVATORY, VOLUME III. 

FOLLOWING close upon the valuable record of Mr. Burnham’s double 
star discoveries and measures, comes a third volume from the Lick 
Observatory, with a miscellaneous table of contents. Professors Holden 
and Weinek discuss the lunar photographs obtained with the large 
telescope, and some excellent heliogravure reproductions of the photo- 
graphs accompany the text. Professor Hastings follows with a detailed 
report on his examination of specimens of the crown and flint glass 
used in the 36-inch objective, and Mr. O. H. Tittmann, of the United 
States Coast Survey, describes his comparison of the Lick Observatory 
glass scale “A.” But the most interesting and important portion of the 
volume is Part IV, in which Professor Keeler publishes for the first 
time the details of his well-known studies of nebular spectra, including 
his determinations of the motion of the planetary nebulz in the line 
of sight. 

In considering the photographs of the Moon taken at the 
Lick Observatory, it should be borne in mind that they were 
not made with a 36-inch telescope, nor even with the full 
aperture of a 33-inch telescope. It is true that the correcting lens, 
which is attached in front of the 36-inch visual objective for the pur- 
poses of photography, has a clear aperture of 33 inches, but it has 
been found by experiment that the sharpest photographs are obtained 
when this aperture has been reduced by a diaphragm to 8inches. ‘The 
addition of the third lens reduces the focal length of the telescope 
from 694 inches to 570.2 inches. ‘To all intents and purposes, then, a 
perfectly corrected photographic objective of 8 inches aperture and 
about 48 feet focal length would be fully equal to the great objective 
with its reduced aperture. In fact, the advantage should lie on the 
side of the smaller objective, as in it the loss of light by absorption and 
reflection would be considerably less. ‘Thus if the color correction of 


the 33-inch objective were perfect, and if it were well established that 

a reduction of the aperture to 8 inches tends to increase the sharpness 

of the photographs, it might fairly be considered undesirable to 
180 
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provide great visual telescopes with photographic correcting lenses of 
large aperture for the purpose of lunar photography. The advantages 
due to the long focal length of the instrument might be retained, and 
the serious task of attaching and detaching the third lens avoided, by 
fixing at the objective-end of the tube a two-lens photographic objec- 
tive of about 8 inches aperture, with a focal length equal to that of the 
visual object-glass. For lunar, solar or planetary photography it 
would be unnecessary to provide a second tube parallel to the large 
one. The saving in labor, weight and expense would be sufficient to 
recommend this plan. Let us hasten to add, however, lest we be again 
called upon to listen to the arguments of those who will not believe in 
great telescopes, that the immense advantages of a large aperture and 
long focus in all visual observations, and in photographic work with 
the spectrograph, are not affected by such considerations. 

At the Lick Observatory the aperture was reduced partly because 
the exposure was inconveniently short with the full 33 inches. Buta 
less sensitive plate would have made possible the increase in time of 
exposure, and its finer grain would also have been advantageous. It is 
evident that the difficulty must lie in the large aperture itself. Imper- 
fections in the objective might be supposed to account for this, and 
Professor Holden remarks that “test photographs of stars out of focus 
show that the diluted disk of a bright star is not entirely round, and 
that the light is not spread uniformly over it, as it should be. The 
center of the objective is too short in focus, and a prominent ring 
remains near the outer border.”’ ‘These defects are attributed to the 
fact that the final corrections of the lens were made when the tempera- 
ture of the room was below that of the freezing point of water. But 
these defects are not the sole cause of the photographic difficulties. 
The writer has found that better photographs of the Moon are secured 
with a perfectly corrected 12-inch objective when it is diaphragmed 
down to 6 inches than when it is used with full aperture. This in spite 
of the fact that the time of exposure in the former case is four times as 
long asin the latter. On account of the trembling of the image it is evi- 
dent that, other things being equal, a short exposure should give a 
sharper picture than a long one. Hence the half-aperture must offer 
sufficient advantages to more than atone for the loss due to increased 
exposure. It seems probable that the difficulty is in large part due to the 
greater effect of atmospheric unsteadiness in the case of the large aper- 
ture. As with good atmospheric conditions a large aperture is far 
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superior to a small one from a zvsuwa/ point of view, it would seem that 
a large aperture should be equally advantageous for photography, if the 
exposure could be reduced to about ,}, of asecond or less. Experiments 
in photographing the Sun would probably render possible the decision 
of this point. It should be remembered, however, that the moments of 
best definition are very brief and infrequent. ‘The eye makes the most 
of them, but few photographs are secured under such advantageous 
conditions. 

We have thought it worth while to dwell upon these considerations 
because they have received little attention in the general discussion of 
the photographs in various astronomical journals. It is probable that 
the question will soon be taken up in comparing the Lick photographs 
with those recently made with the eguaforial coudé of the Paris Observ- 
atory by M. Loewy. 

Lunar photographers will find many other matters of interest in the 
Introduction to Part I. Of the two enlarging lenses used with the 
telescope, that magnifying 8 diameters is found to be unsuitable for use 
under ordinary conditions; the other magnifies about 5 diameters, and 
is more generally useful. It is remarked, however, “that we have never 
yet obtained enlargements by this method which were so good as equal 
enlargements in the camera from negatives taken in the principal 
focus. Witha telescope like our own, the secret of success seems to be 
to photograph the Moon in the focus on the quickest possible plates, 
with the shortest possible exposures, especially if rapid plates can be 
manufactured which have a fine grain, which seems to be probable. 
Excellent direct 5-fold enlargements of Jupiter have been made, but 
in this case we have short exposures (three seconds) and no appreci- 
able proper motion of the object to deal with. The effect of wind 
on a long-focus telescope is considerable. The photographic focal- 
length of the 36-inch equatorial is 47% feet. If a direct enlargement 
of 8 diameters is employed the effect of wind tremors on the negative 
is the same as if we were photographing in the principal focus of a 
telescope nearly 400 feet in length. If the telescope is used to make 
direct enlargements (as above described ), the guiding of the plate so 
as to avoid the effect of tremors, etc., becomes a matter of extreme 
delicacy.”’ Curiously enough, no attempt has been made at the Lick 
Observatory to screen the telescope from the wind. An adjustable 
canvas curtain, covering the lower part of the slit, would surely be of 
great service in protecting the instrument. 
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The excellent photographs of the Moon made at the focus of the 
Lick telescope in 1888 do not appear to have been surpassed in sub- 
sequent work, but much time has been spent in making a series of 
exposures with the object of covering the whole history of a lunation. 
The photographs are probably superior to all others hitherto made, 


with the possible exception of those obtained by M. Loewy. Certain , 


photographs made by the MM. Henry at the Paris Observatory with 
the 13-inch telescope, and others taken at the Harvard Observatory 
with a similar instrument, are probably but little inferior to the Lick 
plates. In both these cases the image was magnified by enlarging 
lenses attached to the telescope. Professor Holden considers the Mt. 
Hamilton photographs to be as good as can be made with such plates 
as were employed. ‘This opinion is based upon comparisons of the 
diameter of the silver grains (about 0.0002 inches, corresponding to 
o”.o7 of arc) with the diameters of some of the small rills and craters 
discovered by Professor Weinek. ‘The images of some of these craters 
are said to be less than 0.0004 inches in diameter. Hence “these 
measures show that under suitable conditions of illumination, etc., the 
Lick Observatory negatives will depict craters and rills whose absolute 
dimensions are comparable with the size of the grains of the sensitive 
plate.” We are inclined to think that some of the selenographers 
who have hesitated to accept Professor Weinek’s discoveries of this 
class will find equal difficulty in adopting this conclusion. The full 
aperture of the 36-inch telescope is hardly sufficient to separate a 
double star of one-tenth of a second, even with the best of seeing and 
a high magnifying power. Professor Holden expects further advances 
in lunar photography when plates of greater sensitiveness and finer 
grain are obtained. But if the negatives now made with an aperture of 
8 inches show craters but little over a tenth of a second in diameter, 
great advances can hardly be hoped to result from work with the same 
telescope. 

The 120 pages devoted to Professor Weinek’s discussion of the 
negatives afford sufficient evidence that the photographs are of value 
to the selenographer, and will be of interest to those engaged in lunar 
studies. 

rhe heliogravure plates from direct enlargements and drawings are 
excellent, and have not been surpassed —if they have been equaled 


by similar reproductions elsewhere. 
Parts II and III contain the reports of Professor Hastings and 
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Mr. Tittmann. ‘These are good pieces of work, but call for no special 
comment. 

Professor Keeler’s memoir on his spectroscopic observations of 
nebule, which fills the remaining seventy pages of the volume, is a well- 
written account of a most important investigation. With it and the 
contemporaneous investigations of Vogel the era of accurate measure- 
ment in astronomical spectroscopy may fairly be said to open, and as 
a consequence it is certain to rank as a classic in astrophysical litera- 
ture. <A preliminary account of a portion of the work here described 
has already been published, but many observations are given here for 
the first time, and the interesting details of the method employed prop- 
erly find a place. 

The paper opens with a valuable résumé of previous observations of 
nebular spectra, written with special reference to determinations of the 
positions of the principal lines. It will be remembered that renewed 
interest was aroused in this subject, in 1887, by Professor Lockyer’s 
identification of the chief nebular line as the “‘remnant”’ of the mag- 
nesium fluting at A5006.4. Professors Liveing and Dewar ascribed the 
fluting to magnesium oxide, and denied that it appears at a lower tem 
perature than the triplet at 6. Dr. and Mrs. Huggins compared the 
chief nebular line with the magnesium fluting, but failed to substantiate 
Professor Lockyer’s statements regarding the character and position of 
the former. Professor Lockyer repeated his observations, and suc- 
ceeded in confirming his earlier work. Professor Keeler points out, 
however, that as perfect coincidence of the magnesium and nebular 
lines was noted on both November 27 and February 5, an interval’ so 
great as 0.46 tenth-meters could not have been visible with the appa- 
ratus employed, as the effect of the Earth’s orbital motion between the 
two dates must have caused this displacement of the nebular line. 
After Dr. and Mrs. Huggins had repeated and confirmed their obser- 
vations, they requested Professor Keeler to determine the position of 
the chief nebular line with reference to the edge of the magnesium 
fluting, with the aid of the large spectroscope of the 36-inch telescope, 
and to examine the character of the nebular lines. ‘The spectra of the 
nebule G. C. 4234 and G. C. 4373 were observed with a large Rowland 
grating, and it was at once seen that in each nebula the brightest line 
fell well above the lower edge of the magnesium fluting, thus confirm- 
ing Dr. Huggins’s conclusions. The important fact that the distance 
separating the lines was not the same in each showed that one or both 
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of the nebule had a considerable motion in the line of sight. This 
interesting discovery led to the series of measurements included in the 
following pages. In the winter of 1890-91 the position of the chief 
line in the spectrum of the Orion nebula was accurately determined, 
and the displacement of the HB line was measured by direct com- 
parisons with the hydrogen spectrum. The only previous measurements 
of the radial motion of the Orion nebula (other than the early obser- 
vations of Huggins) are those of Maunder, whose results vary from 
51 miles of approach to 11 miles of recession. 

Section II is a description of the apparatus employed, and may be 
passed over without special reference, as an illustrated paper on the 
same subject has already been published." Section III, in which vari- 
ous experiments made for the purpose of detecting instrumental errors 
are described, should be consulted by all practical workers with the 
astronomical spectroscope. ‘The light from the nebula and that from 
the comparison spark were made to pursue exactly the same path in 
the spectroscope. The actual aperture of the collimator was reduced 
to the effective aperture by a stop, and an. image of the spark was 
formed on the slit by means of a lens of larger angular aperture than 
the collimator. Thus the collimator aperture was completely filled 
with light from the spark. The arrangement is evidently superior to 
that in which a narrow beam from the spark is made to fall upon the 
center of the collimating objective. When a vacuum tube was used, it 
was placed parallel to the slit, and not at right angles to it. With 
proper care in adjustment the former method seems to be preferable. 
The various adjustments of the spectroscope were made in the ordinary 
way, and were then subjected to rigid tests by observations on the 
solar spectrum. Comparisons were made of the coincidence of the 
D lines from a sodium flame held before the slit with those given 
by a spark between magnesium electrodes containing sodium as an 
impurity. This test was repeated with the 4 lines, magnesium ribbon 
being burned in front of the slit, and a comparison was also made of 
the position of the D lines in sunlight and the sodium lines from the 
spark. In all cases the coincidence was found to be perfect. Further 
experiments showed that if only one-half the collimator lens were illu- 
minated, or if the collimator and telescope were not exactly focused 
for parallel rays, a small displacement of the lines could be seen. 
Finally, a large number of experiments were made to detect any evi- 
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dences of flexure or of constant errors of any kind. It was found that 
both grating and prism gave the same result. Measures of the interval 
between the lead line at A 5005.6 and the chief nebular line, made at 
four different position angles go” apart, agreed within the limits of 
error of the measurements, and no evidence of flexure could be dis- 
covered. Personal bias can play no important part in the observa- 
tions, as the lines in the spectra of the heavenly bodies are continually 
shifting in position on account of the Earth’s orbital motion, and the 
interval measured is never twice the same. 

A description of the method of observation follows. ‘Throughout 
the work a Rowland grating was used, and the telescope and collima- 
tor were clamped ata fixed angle of 40°. The error of an observation, 
expressed in wave-lengths, was usually less in the fourth spectrum than 
in the third, but as the latter was somewhat brighter both were used. 
The dispersion in the fourth spectrum was about equal to that of 
twenty-four prisms of 60°, while the third corresponded to fourteen 
prisms. In an observation the nebular line was bisected with the 
micrometer wire, after which the comparison prism was moved into 
place, and the interval between the lines measured. The lead line 
at A5005.6 was usually employed in the comparison, and for work with 
the second nebular line the double iron line at A4957.6 was used. 
Even in the fourth spectrum the principal line in some nebule was 
so bright that it could be measured almost as accurately as the metallic 
comparison line. ‘The great focal length of the 36-inch telescope was 
useful in giving comparatively large images of the planetary nebule. 
The brightness of the spectrum, on account of the thickness of the 
great objective, was less than it would have been with a smaller instru- 
ment with thinner objective. 

The positions of comparison lines are discussed in Section V. 
Professor Keeler was fortunate in obtaining from Professor Rowland 
his determination of the wave-lengths of the reference lines employed. 
A very careful measurement of the distance between the lead line and 
the edge of the magnesium fluting gave a result of 1.86 tenth-meters. 
Accurate determinations of the wave-lengths of metallic lines are for- 
tunately somewhat more easily obtainable now than was the case when 
the memoir was written, but the need for such determinations will not 
be completely met until Professor Rowland’s important series of papers 
in THE ASTROPHYSICAL JOURNAL is concluded. 

Section VI contains examples of the observations, with extracts 


% 
i 
4 
_ 
he 
ae 


REVIEWS 187 


from the observer’s notebook. The measurements of lines in the 
spectra of the Sun, Moon, Venus, Arcturus, the nebula of Orion and 
other nebulz are all of a high order of excellence. At a time when 
the computed radial velocity of Venus with respect to the Earth was 
+ 7.69 miles per second, the measured velocity came out + 6.4 miles 
per second — an agreement so satisfactory as to give confidence in the 
measurements of nebular and stellar motions. Independent determina- 
tions of the motion in the line of sight of the Orion nebula, made in the 
third and fourth order grating spectra, gave values of + 11.8 and 
+ 12.4 miles per second respectively. 

Observations of the displacement of lines in the spectra of stars and 
planets were occasionally made during the course of the work on the 
nebulz as a check on the adjustment of the spectroscope. Some of these 
are recorded in Section VII. The dispersion employed permitted a 
displacement due to a motion of two miles per second to be seen, and 
the errors of most of the measurements were considerably less than 
this. In observing Jupiter the lines were seen to be twisted when the 
slit was placed parallel to the equator, on account of the axial rotation 
of the planet. 

We now come to the important work on the nebulz. Section VIII 
opens with an account of the determination of the motion of the 
Orion nebula in the line of sight. In the earlier work on the motions 
of the planetary nebulz the fact that the chief nebular line has no 
known terrestrial counterpart rendered direct measurement of its dis- 
placement impossible. The mean wave-length of this line in the spec- 
tra of ten nebule distributed through the sky was therefore assumed 
to represent the undisplaced position. On account of the small num- 
ber of objects available, and the lack of uniformity in their distribu- 
tien, this method was replaced as soon as possible by direct measure- 
ment of the displacement of the third line in the spectrum of the 
Orion nebula with respect to the HB line given by a Geissler tube. 
The interval between the chief nebular line and the AB line was then 
measured, and the wave-length of the undisplaced position of the 
former followed at once. 

The motion of the Orion nebula referred to the Sun was found to 
be + 11.0 +0.8 miles per second. ‘This motion is probably in large 
part due to the motion of the solar system in space. No relative 
motion of the different parts of the Orion nebula could be detected. 
A careful examination of the nebular lines showed them to be perfectly 
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sharp, with absolutely no indication of the fluted appearance recorded 
by Lockyer. 

Descriptions and measurements of the spectra of the great nebula 
in Andromeda and a large number of planetary nebule follow. An 
attempt was made to detect evidence of axial rotation in the case of 
G. C. 2102, with negative results. Direct comparisons of the third 
line with the A7B line were made when the nebular line was bright 
enough for this purpose. 

Section IX brings together the results of the determinations of 
motions in the line of sight, and states the probable errors of the 
measurements. ‘The motions range from + 30.1 to —4o.2 miles per 
second, and approaching motions preponderate, as most of these neb- 
ulz lie in the general direction of the Sun’s motion. 

In the three following sections the normal position of the chief 
nebular line, the character of the nebular lines, and comparisons of 
the chief nebular line with the spectrum of magnesium are the sub- 
jects of detailed discussion. It is clearly and decisively shown that 
the chief nebular line is not due to magnesium. 

The origin of the nebular lines and the constitution of the nebule 
are considered in Section XIII. It is pointed out that no lines in the 
solar spectrum can be identified with the first and second nebular lines. 
Professor Campbell has lately shown that the //a line is visible as a 
very faint line in many nebule, but the curious fact of the great rela- 
tive brightness of the HB and /7/y lines, pointed out by Professor 
Keeler, still remains unexplained. In connection with the discussion 
in this section of the condition of the gases in nebulx, Professor 
Wadsworth’s remarks in the January number of this Journal (p. 64) are 
of much interest. 

The memoir concludes with a summary of results, and a note added 
in June, 1894, which epitomizes the investigations of Campbell and 
others, made since the memoir was written in 1891. An excellent 
plate at the end of the volume illustrates the spectra of three of the 


nebulz observed, as well as the positions of the first and second nebular 
lines. G. E. H. 


| 
} 
| 


RECENT PUBLICATIONS. 


A tisr of the titles of recent publications on astrophysical and 


allied subjects will be printed in each number of THE ASTROPHYSICAL 
JourNaL. In order that these bibliographies may be as complete as 
possible, authors are requested to send copies of their papers to both 
Editors. 


For convenience of reference, the titles are classified in thirteen 


sections. 


3: 


THE SUN. 

DESLANDRES, H. Etudes des gaz et vapeurs du Soleil. 1’Astr. 13, 
455-459, 1894. 

DESLANDRES, H. Photographs of the Solar Chromosphere. Knowl. 
18, 12, 1895. 

GUILLAUME, J. Observations du Soleil faites 4 l’'Observatoire de Lyon 
pendant le troisiéme trimestre de 1894. C. R. 119, 1186, 1894. 
MAUNDER, E. W. The New Solar Records. Knowl. 18, 10-12, 1895. 
SIDGREAVES, REv. W. Notes on Solar Observations at Stonyhurst Col- 

lege Observatory. M. N. 50, 6-12, November, 1894. 

TACCHINI, P. Protuberanze solari osservate al Regio Osservatorio del 
Collegio Romano nel 3° trimestre del 1894. Mem. Spettr. Ital. 
23, October, 1894. 

TACCHINI, P. Imagini spettroscopiche del bordo solare osservate a 
Catania e Roma nel mesi di settembre, ottobre e novembre, del 1893. 
Tav. CCCX. Mem. Spettr. Ital. 23, October, 1894. 

TACCHINI, P. Macchie e facole solari osservate al Regio Osservatorio 
del Collegio Romano nel 3° trimestre del 1894. Mem. Spettr. Ital. 
23, October, 1894. 

WonaczEck, A. ANTON. Zahlungen von Sonnenflecken. A. N. 137, 6, 
1894. 


STARS AND STELLAR PHOTOMETRY. 


3ACKHOUSE, T. W. Two New Variable Stars. Obs’y 17, 402, Decem- 
ber, 1894. 
Eppie, L. A. Colors and Spectra of One Hundred Southern Stars, 
Jour. B. A. A. 5, 89-98, 1894. 


a. 
| 
| 
We 
; 
3 
} 
| 


190 


RECENT PUBLICATIONS 


Espin, T. E. Two New Variable Stars and the Variable Stars Es. 872 
and Es. 916. A. N. 136, 397, 1894. 

LINDEMANN, E. Hellegkeitsmessungen von Z Herculis. A. N. 137, 10, 
1894. 

PARKHURST, HENRY M. Notes on Variable Stars,— No. 6. Astr. Jour. 
No. 333, 14, 161-163, January 7, 1895. 

SKINNER, AARON N. New Variable in Hydra, SDM.—14°2893._ Astr. 
Jour. No. 332, 14, 160, December 21, 1894. 

SMITH, C. MICHIE. Observations of the New Variable Z Herculis. A. 
N. 137, 13, 1894. 

YENDELL, PAuL S. On Chandler's New Short-Period Variable. Astr. 
Jour. No. 332, 14, 160, December 21, 1894. 


PLANETS, SATELLITES AND THEIR SPECTRA. 

DENNING, W. F. Jupiter. Nat. 51, 227-229, 1895. 

Epirors Oss'y. The Recent Transit of Mercury. Obs'y 17, 399, 
December, 1894. 

EpitTors Oss’y. Mars. Obs’y 17, 401, 1894; 18, 53, 1895. 

ELGER, T. Gwyn. Selenographical Notes. Obs’y 17, 397, 1894; 18, 52, 
1895. 

KRIEGER, F. N. Mondzeichnungen (Die Ringgebirge Casatus und 
Blancanus). Sirius 28, 1-2, 1895. 

Loewy and PutsEux. Etudes photographiques sur quelques portions 
de la surface lunaire. C. R. 119, 875-881, 1894. 

PEAL, S. E. Some Remarks on the Fine Linear Markings seen on Some 
of Professor Weinek’s Enlargements of Lick Photographs of Lunar 
Craters. Jour. B. A. A. 5, gg—I01, 1894. 

SERAPHIMOF, W. Observations des taches sur le disque de Jupiter. 
Bull. Acad. St. Petersburg, No. 2, October, 1894. 

WILLIAMS, A. STANLEY. Notes on Mars in 1894. Obs'y 17, 391-394, 
December, 1894. 


NEBUL# AND THEIR SPECTRA. 

Roperts, IsAAc. Photograph of the Nebule H I. 143 and II. 536 
Virginis. M. N. 50, 13, November, 1894. 

Roperts, Isaac. Photographs of the Nebula H I. 84, h 1442, and H 
II. 344 Come Berenicis. M. N. 50, 12, November, 1894. 


TERRESTRIAL PHYSICS. 


AntoniAp1, E. M. The Aurore of September, 1894. Jour. B. A. A. 
5, 106-107, 1894. 


| | 
5. 
: 
7 
: 
} 
| 
; 


RECENT PUBLICATIONS IgI 


BiGELow, F. H. Solar Magnetism in Meteorology. Am. Met. Jour. 11, 
319-332, 1895. 
PERRY, JOHN. On the Age of the Earth. Nat. 51, 224-227, 1895. 


g. EXPERIMENTAL AND THEORETICAL PHYSICS. 


CARVALLO, E, Spectres calorifiques. Ann. Chim. et Phys. (7), 4, 5-79, 
1895. 

JAUMANN, G. Zur Kentniss des Ablaufes der Lichtemission. Wied. Ann. 
No. 13, 53, 832-840. 

KETTELER, E. Ist es méglich, die Erscheinungen der Dispersion des 
Lichtes kiinstlich nachzubilden? Theorie der gegenseitigen Beein- 
flussung von Pendel und Luft. Wied. Ann. No. 13, 53, 823-831. 


KOTTGEN, Evsr. Untersuchung der spectralen Zusammensetzung 
verschiedener Lichtquellen. Wied. Ann. No. 13, 53, 793-811, 
1894. 


NicHoLs, E. L. The Distribution of Energy in the Spectrum of the 
Glow-Lamp. Phys. Rev. 2, 260-276, 1895. 

NICHOLS, ERNEST. A Method for the Study of Transmission Spectra 
in the Ultra-Violet. Phys. Rev. 2, 298, 1895. 

PASCHEN, F. Die Dispersion des Fluorits und die Ketteler'sche Theorie 

) der Dispersion. Wied. Ann. No. 13, 53, 812-822. 


Pictet, Raout. Etude sur le rayonnement aux basses températures ; 
applications a la thérapeutique. Arch. de Gen. 32, 561-573, Decem- 
ber, 1894. 


war 


VIOLLE, J. Sur la température de l’arc électrique. C. R. 119, 949- 
951, 1894. 


11. PHOTOGRAPHY. 


Jones, CHAPMAN. Color Sensitized Plates. Photo. Times No. 1, 26, 
) 54-55, 1895. 


12. INSTRUMENTS AND APPARATUS. 


KOn1G, A. Ein neues Spectralphotometer. Wied. Ann. No. 13, 53, 
785-792, 1894. 
NEWALL, H. F. On a Combination of Prisms for a Stellar Spectroscope. 
4 Proc. Camb. Phil. Soc. 8, Part 3, 138, 1894. 
WapswortThH, F. L.O. A New Method of Magnetizing and Astaticizing 
Galvanometer-Needles. Phil. Mag. 482-488, November, 1894. a 
WapsworThH, F. L. O. Description of a Very Sensitive Form of Thom- a. 
son Galvanometer, and Some Methods of Galvanometer Construc- Be 
tion. Phil. Mag. 553-558, December, 1894. 


| 
} 


192 RECENT PUBLICATIONS 


13. GENERAL ARTICLES, MEMOIRS AND SERIAL PUBLICATIONS, 


AMES, J. S. A Treatise on Astronomical Spectroscopy, a Translation of 
Die Spectralanalyse der Gestirne. (Review.) Phys. Rev. 2, 308, 
1895. 

FowLeR, A. The Lick Observatory. Nat. 51, 201-203, 1894. 

Gore, J. E. The Construction of the Visible Universe. Knowl. 18, 8—10, 
1895. : 

PICKERING, E.C. Forty-ninth Annual Report of the Director of the 
Astronomical Observatory of Harvard College for Eleven Months 
ending September 30, 1894. 


4 
= 
& 
4 
3 
Ps 
\ 
| 
| 
or 


